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SUMMARY

Hughes Helicopters (HH) under Army Contract DAAG 46-78-C-0046 has
completed a study of the conventional machining of ESR 4340 steel, The
objective of this program was to optimize procedures and develop an
efficient machining specification. Metcut Research Associates, a leader
in the research and development of metal removal technology, was the
subcontractor.

The program conducted between September 1978 through March 1980 was
sponsored by U. S. Army Aviation Reserach and Development Command
(AVRADCOM), St. Louis, Missouri and monitored by U, S, Army Materials
and Mechanics Research Center (AMMRC) Watertown, Massachusetts, under
the direction of Mr. Arthur Ayvazian. The machining tests were conducted
at Met cut under the direction of Mr, J. Kohls and Mr. J, Christopher. The
project was coordinated by the HH project engineer, Mr. K. Niji, with the
assistance of Mr, J. Leach of the Manufacturing Department.

ESR 4340 steel is presently being used for various critical parts on the YAH-64
for its high ballistic tolerance characteristics. Its advantageous qualities

of high hardness and toughness creates great difficulties in machining.

Because of its relatively new usage, there is no manufacturing source of
information which presents an efficient machining method for this material.
This program was designed to resolve that problem.

This program was initially conceived as an 18-month two-phase program.

Phase I began with an initial survey of available data regarding the machining

of ESR 4340 steel. A machining test program was then developed and con-

ducted, studying the effects of various parameters in turning, drilling,

milling, and grinding. Optimum tools and conditions were obtained for these
operations. All of the operations were found to be extremely difficult and

application of conventional procedures is not feasible. Tool lives remained

short despite reductions in speeds and feeds. Conventional grinding methods

induced detrimental residual tensile stresses along the surface, resulting in

cracking, lapping, and untempered martensitic structures, Low stress '
grinding techniques, emphasizing wheel dressing procedures and reduced i
speeds and downfeeds, proved to be applicable to this material. In view of 4
most of the machining results, Phase II involving the application of Phase I F
findings to the fabrication of YAH-64 components was cancelled. Studies
involving alternative methods are now being considered,
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INTRODUCTION

Hughes Helicopters (HH), with the assistance of Metcut Research Associates
as a major subcontractor, has completed a program studying conventional
machining methods for ESR 4340 steel in an attempt to develop an efficient
machining procedure. Hughes Helicopters is interested in the development
of such a procedure for ESR 4340 steel since many of the components in the
drive system, flight control system and hydraulic subsystem of the YAH-64
are made from this material. Figure 1 and Table I illustrate the areas
where these parts are located. This material is being used to make these
various parts specifically because of its high ballistic tolerance character-
istics. Parts made of ESR 4340 steel tend to withstand the impact of

a 12.7 mm armor piercing round or the explosive energy of a 23 mm HEI
{high explosive incendiary) round that might completely fragment parts made
of normal 4340 steel.

The low non-metallic inclusion content, the high density of the material,

and the uniformity of structure provides ESR steel with its toughness quality,
while still maintaining its high hardness (Rc 54-57 in the heat treated con-
dition)., Defects such as central porosity and line inclusion accumulations in
rolled and forged plates are virtually eliminated. The uniform structure
obtained from the electroslag remelt process produces a material whose yield
strength and fracture toughness are similar in both transverse and longi-
tudinal directions. These high properties in the short transverse direction
permits reductions in plate thickness, subsequently reducing weight and
material costs.

The qualities that make application of ESR steel so advantageous also create
difficulties in machining the material, The desulfurization and oxide inclu-
sion removal, which results in the clean steel, removes elements which
enhance machinability. Because of its relatively new usage, there is no
manufacturing specification which deals with the efficient machining of ESR
4340 steel,

After an initial survey of available information regarding the machining of
ESR 4340 steel and other high hardness materials, tests were conducted to
ascertain the effects of various parameters such as cutting speeds, feeds
and fluids. An assortment of carbide tools, along with various ceramics for
turning, and high speed steels for drilling, were obtained and studied during
the course of the machining tests. A determination of optimum tools and
conditions were made for turning, drilling, face milling, end milling, and
grinding operations. The optimum tools and conditions are presented and
discussed in this report.
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TABLE I. ESR STEEL YAH-64 HELICOPTER COMPONENT PARTS

Finished
No. of Weight
Name Part Number Pieces (1b)
DRIVE
Main Transmission
Intermediate Gear Bearing
Retainer 7-113100122 1 2.3
T/R Helical Pinion Retainer 7-113100125 1 0.9
Rotor Brake Adapter 7-113100131 2 2.4
Input Pinion Bearing Adapter 7-113100132 2 2.4
Intermediate Gear Roller
Bearing Liner 7-113100143 1 3.0
Input Bevel Gear Bearing
Liner 7-113100144 2 5.8
Input Bevel Gear Bearing
Sleeve 7-113100145 2 6.2
T/R Helical Gear Sleeve 7-113100146 1 0.5
Gen. Roller Bearing Sleeve 7-113100148 2 0.2
Gen. Ball Bearing Sleeve 7-113100149 2 0.5
Rotor Brake Roller Bearing
Sleeve 7-113100150 2 1.0
Input Pinion Thrust Bearing
Sleeve 7-113100154 2 6.8
Input Pinion Roller Bearing
Sleeve 7-113100155 2 1.0
Hydraulic Pump Gear
Bearing Sleeve 7-113100156 8 1.3
Intermediate Gearbox
Roller Bearing Output Sleeve 7-113300143 1 0.4
Duplex Ball Bearing Sleeve 7-113300144 2 4.2
Roller Bearing Input Sleeve 7-113300147 1 0.4
Tail Rotor Gearbox
Input Gear Sleeve 7-113400143 1 2.6
Input Gear Roller Bearing
Sleeve 7-113400144 1 0.6
Output Gear Roller Bearing
Sleeve 7-113400145 1 1.3
Output Gear Sleeve 7-113400146 1 .5

B
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TABLE . ESR STEEL YAH-64 HELICOPTER COMPONENT PARTS (CONT)

{
' Finished
No. of Weight
Name Part Number Pieces (1b)
FLIGHT CONTROL AND ROTOR
GROUP :
Main Rotor
Rotating SP Bearing Retainer 7-211511204 1 7.0
Adj Pitch Link Barrels 7-211511136 5.1
Pitch Link Rod Ends 7-211511137 4 8.4
Tail Rotor
Rotating Swashplate 7-211527003 1 7.8
Swashplate Bearing Retainer 7-211527016 i 3.3
HYDRAULIC SUBSYSTEM
Main Rotor Actuators
Longitudinal 1 49.1
Lateral 1 38.6
Collective 1 44. 4
Tail Rotor Actuator 1 32.6
SHIPSET TOTAL 26 53 242. 6
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DISCUSSION

This effort was originally planned as a two phase program. The first phase
would primarily involve testing by Metcut to determine best conditions for
achieving high machining efficiency. The second phase would apply this
information to the fabrication of small YAH-64 components.

The first task in Phase I involved a survey by Hughes Helicopters and Metcut
reviewing current manufacturing procedures being followed regarding ESR
4340. Little or no attempt was being made to finish machine parts by any of
the vendors or subcontractors. Major Hughes Helicopters subcontractors
working on the AAH program using ESR 4340 steel, included Aircraft Gear
(T/R gearbox components), Bendix (drive train components) Bertea
(hydraulic actuators), and Litton (main transmission components). The
procedure most commonly followed, primarily involved rough machining

in the annealed state, then slow grinding of 0.050 - 0. 070 inches of material
to finished dimensions after heat treatment. Most of the data gathered was
obtained through a literature survey conducted at Metcut's Machinability

Data Center. Data regarding the machining of high hardness metals (50R
and above) have been compiled in a form similar to the data sheets in the
Machining Data Handbook and are presented as Appendix A, Data for turning
(carbide and ceramic), drilling, face milling, end milling, tapping, and
grinding have been gathered and grouped by operation and hardness ranges.
The information was to be used to find a starting point for tools and parameter
values for our efforts in machining ESR 4340 steel,

The initial step in the program was to fabricate test specimens. The ESR
process involves remelting a consumable electrode at atmospheric pressure
in a superheated molten slag bath which protect the molten metal from atmos-
pheric contamination. Electricity is passed through the slag, generating
enough heat to melt the end of the electrode which is immersed in the slag.
The ESR ingot grows through progressive solidification of the molten metal

in a water cooled mold. The solidification characteristics are greatly influ-
enced by the size, shape and temperature of the molten metal pool. After

the ingots are solidified, they are forged to variou= standard rounds and round
corner squares. HMS 6-1121 is the Hughes specification for ESR 4340 and

is included as Appendix B. The material then had to be machined into the
various test sample sizes (3 inch diameter bars for the turning tests and
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various rectangular sizes for the other tests), After machining to test sizes,
(' the material then had to be heat treated prior to testing. The heat treat pro-
cess is a long one, involving normalizing, tempering and austenitizing in a
vacuum furnace. The specific times and temperatures involved are presented
L in an excerpt from the Hughes Helicopters heat treatment specification,
Appendix C. Due to the necessity of a vacuum furnace and the long time
required, the heat treat process is a costly one. The difficulties incurred

in obtaining acceptable ESR 4340 material for this program were increased
due to the great and immediate demand required for the fabrication of actual
YAH-64 parts.

The program required evaluation of material from two different heats in the
turning operation, The other machining tests were to be conducted on
material from the heat which was harder to turn. Some material from a pre-
viously purchased heat (No. 9087-4) was used for part of the turning tests,
Heat treated hardnesses for this residual material did not meet minimum
requirements. The specification called for 54-57 Rc, while the material
could only reach 51-53 Rc hardnesses, even after re-heat treatment of the
material. This was thought to be due to the fact that its carbon content was
barely on the minimum end of the requirements. The material was still used
in testing because of the difficulties in readily obtaining test material, It was
also determined that the maximum thickness permitted for through-hardening
was 3 inches. Thicker material resulted in a hardness reduction, not only

in the core area, but towards the surface of the material as well. The bulk
of the test material came from a newly purchased heat, No. 49103, This
material was heat treated at Ironbound Inc., in New Jersey., Tensile speci-
mens were heat treated along with the test material to verify the heat treat-
ment, The mechanical properties of both transverse and longitudinal tensile
specimens were found to meet minimum requirements, Hardness measure-
ments taken on the new heat material indicate little hardness reduction,
usually ranging about 54-55 Rc.

Initially, turning tests were conducted on 3 inch diameter bars from both the
residual heat and the new heat. Using various carbide and ceramic inserts,
determination of the best tool was made. For each tool, relations between
cutting speeds, feeds, depths of cut and tool lives were analyzed in an attempt
to establish the most efficient tool. A tool life limit of about 30 minutes was
set for the turning tests due to limited amounts of material and time. The

) data obtained for turning is presented in Table II. Effects of cutting speeds
on tool life for various carbide and ceramic inserts are illustrated in Fig-
ures 2 and 3. The feeds and speeds were rather low and tool lives quite short
for the carbide inserts. At 0.050 inch depth of cut, the carbide grades
generally had a tool life of less than 10 minutes for feeds of 0,005 inch and
speeds greater than 150 fpm. Speeds lower than 150 f{pm were generally not

k3
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TABLE II. DATA FROM TURNING (Heat 49103)
Cutting Speed Feed Depth of Cut Tool Life
Insert (ft/min) (in. /rev) (in. ) (min:sec)
Carboloy 175 0..005 0. 050 1:50
514 150 0. 005 0. 050 9:00
Carboloy 175 0. 005 0. 050 10:36
545 150 0. 005 0. 050 26:40
Carboloy 250 0. 005 0. 050 0:42
350 200 0. 005 0. 050 6:24
175 0. 005 0. 050 12:55
150 0. 005 0. 050 0. 004" wear @ 30:00
125 0. 005 0. 050 0.002" wear @ 10:00
Carboloy 250 0. 005 0.050 1:50
883 225 0. 005 0. 050 5:00
200 0. 005 0. 050 5:00
175 0. 005 0. 050 7:10, 7, 3:10
150 0. 005 0. 050 8:30
125 0. 005 0. 050 10:00
B& W 1000 0. 005 0. 050 0:21
Ceramic 800 0. 005 0. 050 1:08
800 0. 0025 0. 050 1:00
700 0. 005 0. 050 1:09
600 0. 005 0. 050 2:37
NPC-A 1000 0. 005 0. 050 0:22
Ceramic 800 0. 005 0. 050 0:50, 3:50
800 0. 0025 0. 050 9:14
700 0. 005 0. 050 1:25
600 0. 005 0. 050 1:32
Sandvik 250 0. 005 0. 050 0:10
315 175 0. 005 0. 050 2:40
150 0. 005 0. 050 3:20
Kendex 500 0. 005 0. 050 21:00
K-090 525 0. 005 0. 050 34:00
Ceramic 550 0. 005 0. 050 1:55
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TABLE I. DATA FROM TURNING (Heat 9087) (CONT)
Cutting Speed Feed Depth of Cut Tool Life
Insert (ft/ min) (in. /rev) (in.) {min:sec)
Carboloy 100 0.010 0.100 22:00
883 175 0. 005 0. 050 7:10
Carboloy 175 0. 005 0. 050 30:00
350
Carboloy 175 0. 005 0. 050 30:00
545
NPC-A 1000 0. 005 0. 050 4:00
Ceramic 900 0. 005 0. 050 0:24
800 0. 005 0. 050 0:25
500 0. 005 0. 050 2:51
600 0. 0025 0. 050 25:45
B&W 1000 0. 005 0. 050 0:37
Ceramic 900 0. 005 0. 050 1:00
800 0. 005 0. 050 2:26
Kendex 500 0. 005 0. 050 29:16
K-090 550 0. 005 0. 050 8:22
Ceramic 600 0. 005 0. 050 2:18, 4:10

Back Rake: -5
Side Rake: -5°

SCEA:
ECEA:

Tool geometry for all turning inserts as follows:

15°
15°

Side Relief: 5°
End Relief: 5°
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CARBOLOY 514 TURNING HT NO. 49103
(EXCEPT AS NOTED)
CARBOLOY 545
FEED: 0.005 IN./REV
CARBOLOY 350 DEPTH OF CUT: 0.050 IN.
CARBOLOY 883 CUTTING FLUID: DRY

>bODO @

SANDVIK 315

FOR HT 9087

30 |-

TOOL 20 -
LIFE
(MIN)

FOR HT 9087

10
0 A 1 1 1
100 125 150 178 200 225 250

CUTTING SPEED (FT/MIN)

Figure 2. Effect of Cutting Speed and Tool Material (Carbide Inserts)
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TURNING HT NO. 49103
A FEED: 0.005 IN./REV
DEPTH OF CUT: 0.050 IN.
CUTTING FLUID: DRY
a0 b
A o B8 & W CERAMIC
0 r O  NPC-A CERAMIC
TOOL
LIFE A KENDEX K-090
{MIN)
.
10 |
)]
0 AN - As— S— —' |
400 500 600 700 800 900 1000
CUTTING SPEED (FT/MIN)
H
1
kL) of ' TURNING HT NO. 9087
FEED: 0.005 IN./REV
DEPTH OF CUT: 0.050 IN.
CUTTING FLUID: DRY
20
TOOL o B8 & W CERAMIC
LIFE
(MIN) o NPC-A CERAMIC
PaN KENDEX K-090
10
O\ O
0 ! L - M

400 500 600 700 800 900 1000

CUTTING SPEED (FT/MIN)

Figure 3. Effect of Cutting Speed and Tool Material (Ceramic Inserts)
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tested due to its impracticality., The lower hardness of the residual heat
material (Ht., 9087) seemed to make a great deal of difference regarding the
life of the tool, in many cases doubling the tool life which was obtained when
machining material from the other heat. A better picture of tool life variance
due to insert types can be obtained by comparing the effects of turning mate-
rial from heat No. 49103. Of the carbide inserts used for this heat, the
Carboloy 545 and 350 grades seemed to perform the best. The 545 is an
aluminum oxide coated, complex tungsten carbide insert used for finish
machining. The 350 is an uncoated complex tungsten carbide insert used for
light to medium roughing. Both have excellent resistance to high temperature
crater and deformation., Ceramic inserts were expected to give better results,
but chipping problems abruptly ended the tests after a few minutes. Speeds
of 600 fpm and greater were used for these inserts. Another grade of
ceramic, Kennametal Kendex K-090, was obtained in an attempt to eliminate
chipping. Using lower cutting speeds, ~500 feet/minute, we were able to
extend tool life up to approximately 30 minutes. The data obtained for the
Kendex K-090 insert for Ht, 49103 is erratic. However, from the similar-
ities of both heats involving the other ceramic inserts and the considerable
improvements in tool life displayed by the K-090 in both heats, it is assumed
that the curves are indicative of performance. The tool life end point was
regarded as 0,015 inch wearland. This Kendex K-090 ceramic insert pro-
vided the best performance of all the tools tested.

Drilling was the next operation evaluated, using material from the new heat.
The data obtained for drilling is presented in Table III. The study was limited
to a single drilling diameter of 1/4 inch. Initially, various high speed steel
and carbide drills were evaluated at various cutting speeds as low as 5 and
10 feet/minute and as high as 80 fest/minute. Using values of 0.001 ipr
feed, 1/2 inch through depth of cut, with soluble and sulfurized oils, a
determination of tool life was made. The results were very poor, with no
more than 3 holes drilled per tool and a norm of 1 hole being drilled per
tool. Attempts were made to obtain some T-15 drills, but a source could
not be located. Chlorinated cutting fluid was obtained and appears to be of
some benefit in drilling. The M-42 H.S.S. crankshaft point was used with
the chlorinated oils to obtain additional data. Some of the effects of speeds
and feeds using the M-42 drill is illustrated in Figure 4. Using very low
cutting speeds of 5-15 feet/minute, and feeds of 0.0005-0.001 inches/
revolution, drilling of multiple holes (~10/tool) was found to be possible.

A tool life of 34 holes was obtained using a speed of 5 feet/minute and a
feed of 0. 0008 inches/revolution. As in turning, the tool life end point was
regarded as 0. 015 inch wear.

Face milling tests were conducted next, with an initial evaluation of various
inserts. All of the information obtained is presented in Table IV. Figure 5
compares the various tools (including the Carmet CA310 which was

11
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TABLE IlI. DRILLING
Depth
Cutting Speed Feed of Cut Cutting Tool Life
Tools (ft. /min.) (in. /rev.) | (in.) Fluid No. of Holes
High Speed 10 0. 001 1/2 Soluble Oil 0
Steel
High Speed 5 0. 001 1/2 Sulfurized 3
Steel 0Oil
Crankshaft
Carbide 10 0. 001 1/2 Soluble Oil 1
80 0. 0005 1/2 Sulfurized
0il 1,1,1,1
80 0. 001 1/2 Sulfurized
0Oil 1
M-42 25 0. 001 1/2 Soluble Oil 1
H.S.s. 10 0. 001 1/2 Soluble Oil 3
Crankshaft 10 0. 001 1/2 Soluble Oil 1
10 0. 0005 1/2 Soluble Oil 2
5 0. 001 1/2 Soluble Oil 2
M-42 5 0. 0008 1/2 Chlorinated 34
H.S.S. 0Oil
Crankshaft 5 0. 002 1/2 10
5 0. 005 1/2 2
8 0. 0005 1/2 10
10 0. 0008 1/2 7
10 0. 001 1/2 11
10 0. 002 1/2 1
15 0.0005 | 1/2 y 6
15 0. 0008 1/2 Chlorinated 3

0Oil

12
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DRILL: M42 %" DIA
PT ANGLE: 118°
RELIEF ANGLE: 12°
HELIX ANGLE: 29°
‘ POINT: CRANKSHAFT
: CUTTING FLUID:
CHLORINATED OIL
ol TOOL LIFE END PT: 0.015 IN. WEAR
:
1
z
F 30
i
E 0.0008 IN_/REV
]
i
TOoOL 20F
LIFE
INO. OF
HOLES
10}
0.0005 IN./REV
0.002 IN./REV
o | 1 i
5 10 15

CUTTING SPEED (FT/MIN)

Figure 4. Effect of Cutting Speeds and Feeds in Drilling Using M42
H.S8.8. Crankshaft Drill
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TABLE IV. FACE MILLING DATA
Machining conditions constant for all tests below.
Depth of Cut = 0. 060"

Width of Cut = 1 1/2"
Tool Life End Point: 0. 015" wear

Tool Life
Cutting Speed Feed Cutting Inches of Work
Insert ft. /min in. /tooth Fluid Traveled
Carbide j
Sandvik 125 0. 005 Dry 2 1/2" ¢
315 150 0. 003 Dry 4" i
Kennametal j
K-11 150 0. 003 Dry 20" :
K7H 150 0. 003 Dry 2"
KC810 125 0. 005 Dry 2 1/2"
Carboloy i
210 150 0. 003 Dry 1"
370 150 0. 003 Dry 11" i
545 125 0. 005 Dry 1 :
883 40 0. 005 Dry 10"
60 0. 005 Dry 12 1/2"
75 0. 005 Dry 8", 12"
100 0. 003 Dry 24"
125 0. 005 Dry 12"
125 0. 0015 Dry 19"
125 0. 003 Dry 29"
150 0. 003 Dry 36
‘ 150 (0. 030" depth) 0. 003 Dry 36"
* 150 (0. 090" depth)| 0. 003 Dry 28"
150 0. 003 Soluble Oil 6 1/2"
200 0,003 Dry 15 1/2"
999 150 0.003 Dry 4"
Carmet 75 0.0085 Dry 54"
CA310 100 0. 0085 Dry 60"
100 0. 003 Dry 32"
100 0. 005 Dry 4"
100 0. 007 Dry 56'"
! 100 0. 010 Dry 48"
125 0. 0085 Dry 24"
150 0. 003 Dry 24"
Ceramic
Kennametal
K060 125 0. 005 Dry 1"
K090 125 0. 005 Dry 7, 9-3/4"
150 0. 003 Dry 51/2", 10 1/2"
175 0. 003 Dry 10 1/2"
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FACE MILLING

CUTTING SPEED: 125 FT/MIN
FEED: 0.005 IN./TOOTH
DEPTH: 0.060 IN.

CUTTING FLUID: DRY

% YA l % VA
CARMET 883 KC810 K060 K090 SANDVIK 545
CA310 315
INSERT TYPE
Figure 5. Comparison of Tools for Face Milling
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obtained later) under like conditions. Of the tools initially evaluated, the
Carboloy 883 insert appeared to perform the best. Effects of cutting speeds,
feeds, and depths of cut were evaluated using this insert (Figure 6). It was
determined that for this insert, a speed of 150 feet/minute and a feed of

0. 003 inch/tooth was optimum. Also depths of cut higher than 0. 060 inch
seemed to result in a reductiorn of tool life, while lower depths of cut did not
seem to produce much improvement. Another type of insert, a Carmet

CA 310 was later obtained and tested. This micrograin carbide insert has
the ability to withstand great impact and proved to be the best face milling
tool tested. Figure 7 illustrates the effects of variocus parameters upon the
performance of the CA 310 insert. Using greater feeds, but lesser speeds
than the 883 carbide, tool lives of 40-60 inches of work traveled were
obtainable with the Carmet insert, This is in comparison to the typical
values of 10-30 inches obtained using the 883 insert. For the Carmet insert,
a speed of 100 feet/ minute and a feed of 0. 0085 inch/tooth seemed to be
optimum, using a 0. 060 inch depth of cut. Some tests were attempted using
cutting fluid but better results were obtained when the tests were run dry.

Peripheral end milling tests were run using various brazed on carbide end
mills and insert type end mills. The data obtained with these tools is pre-
sented in Tables V and VI. A comparison of the tools tested is shown in
Figure 8. Union, Rito and TRW end mills had brazed helical carbides while
the 370 tool was brazed with a straight 370 carbide insert with no helix angle.
These brazed end mills were all four-fluted. Ramet, 370 and 883 insert
type end mills with equivalent geometries were tested. The insert types
were all three fluted. The TRW was found to be the best of the brazed on
type and the Ramet was found to be the best of the insert type. At a cutting
speed of 100 feet/minute, a feed of 0. 003 inch/tooth, a depth of cut of

0. 060 inches, and a width of cut of 0.375 inches, both the Ramet and TRW
tools had a tool life of 156 inches traveled. Though the tool life values for
both of these tools were similar, the TRW tool had a higher removal rate
due to the four-fluted nature of the tool. Again, better results were obtained
without using a cutting fluid.

Finally, various grinding tests were conducted on the material. A study was
made using low stress grinding techniques, and also using maximum and mini-
mum values of two Hughes Helicopters process specifications, HP 18-12 and
HP 15-51. The surface grinding conditions used are given in Table I of
Appendix D. Figure 5 of Appendix D presents measured residual stress pro-
files from the surface to a depth of 0. 0020 inches. Low level compressive
stress, beneficial in fatigue, is present, along and just below the surface.
Microhardness measurements taken at various distances from the surface
illustrate the degree of surface degradation occurring for each condition.

16
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TOOL: CARMET CA310
AR: 5%  ECEA:45°
RR: -6°  RELIEF:8°

CA: 45° NR: 0.030 IN.

DEPTH OF CUT: 0.060 IN.
WIDTH OF CUT: 1 5/8 IN.
CUTTING FLUID: DRY

i

50t

20}

0.003 0.004 0.006 0.008 0.010

FEED (IN./TOOTH)

FEED:
0.0085 IN./TOOTH

i A 1 A A

0.012

25 50 75 100 125

CUTTING SPEED (FT/MIN)

150

Effect of Parameter Variations in Face Milling with CA 310

Insert

]
|
1
!




] é; Hughes Helicopters HH 80-125

TABLE V. PERIPHERAL END MILLING DATA

Brazed on carbide end mill geometry.
Union Rito TRW 370
Axial Rake: 20° 20° 7° 0°
; Radial Rake: 5° 5° 5° -59
; Corner Angle: 45° 45° 45° 45°
End Cutting Edge Angle: 1° 1° 1° 10
Per. Cl.: 10° 10° 10° 10°
, End Cl.: 3° 30 3° 30
i
9
Tool Life
Cutting Cutting Speed Feed Depth of Width of Cutting in Work
Tool ft. /min. in. /tooth  Cut in. Cut in. Fluid Traveled
Brazed on ;
Union 100 0. 002 0. 060 0.375 Dry 84" ;
Rito 100 0. 002 0. 060 0.375 Dry 60"
Trw 100 0. 002 0. 060 0. 375 Dry 180"
100 0.003 0. 060 0.375 Dry 156"
370 75 0. 002 0. 060 0.375 Dry 48"
100 0. 001 0. 060 0.375 Dry 108"
100 0. 001 0. 060 0.375 Sol. 0Oil 48"
100 0. 002 0. 060 0.375 Dry 132"
100 0.003 0. 060 0.375 Dry 108"
125 0.002 0. 060 0.375 Dry 120"
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TABLE V1. PERIPHERAL END MILLING DATA

{
: Geometry of Insert End Mills.
, o
Axial Rake: 0
Radial Rake: 50
Corner Angle: 45° ;
End Cutting Edge Angle: 45° :
Per. Cl.: 50 ;
End Cl.: 5° !
Tool Life
Cutting Speed Feed Depth of Cut Width of Cutting In. Work |
Insert ft. /min. in. /tooth in, Cut in. Fluid Traveled ;
Ramet 100 0. 002 0. 060 0.375  Dry 132
100 0. 003 0. 060 0. 375 Dry 156 !
370 100 0. 002 0. 060 0.375 Dry 72 :
100 0. 003 0. 060 0.375 Dry 48
883 100 0. 002 0. 060 0.375 Dry 82
100 0. 003 0. 060 0. 375 Dry 72
|
20
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This is illustrated in Figure 4 of Appendix D, Note that the greatest adverse

( effect takes place for HP 15-51 maximum. Detrimental surface tensile
stresses occur for this condition and the photomicrograph (Figure 3 of
Appendix D) indicates the extent of subsurface alterations. Photomicrographs
(Figures 1, 2 and 3 of Appendix D) of the other conditions seem to show a
generally smooth surface with a thin layer {( 0. 0001 inch) of untempered
martensite, and slight surface lapping and cracking.

] The information obtained in this program, along with previously published
data, indicate that certain modifications should be considered in the low stress
grinding specification for ESR 4340 steel, HP 18-12 (Appendix E). The tests
run by Metcut have verified the credibility of HP 18-12. However, certain
variables such as crossfeeds and infeeds could be reduced to insure surface
quality. Greater crossfeeds apply greater loads to the wheel, thereby
increasing the probability of grinding burns. It is suggested that the crossfeed
rate be reduced from 0. 100 in. /pass to 0. 050 in. /pass. The infeed rate is
very important to surface integrity. It is suggested that a lower removal rate
(0. 0005 in. /pass) be taken closer to the finish (0. 002 in. )} for rough grinding.
Best finishing results are obtained at 0. 0002 in. /pass for such high strength
steels.

Cutting fluids are also very important in low stress grinding. A sulfurized

oil is best suited for this process. Oil based types include neutral fluids which
do not give as much aid to the cutting process as a sulfurized oil. However,
most machine stops have a certain cutting fluid generally used throughout the
shop and changing this requirement in all shops would be difficult and imprac-
tical. It is suggested that sulfurized oil be mentioned in the specification as a
recommended alternate to be used in low stress grinding procedures whenever
possible.

From Metcut's past experiences, it was felt that an accurate definition of
grinding wheel and dressing procedure was very important for achieving
efficiency in grinding. A typical dressing procedure used for low stress
grinding was to make 5 passes at 0. 001 inch depth/pass with 2 sparkouts.
The diamond traverse rate was 1 inch/7 seconds. It is suggested that this
dress procedure be included as a part of the low stress grinding specification.
A faster rate and greater depth of pass results in a rougher surface and
increased diamond abuse. Slow rates with multiple shallow passes create

! maximum stress concentrations, although a smoother wheel is attained. The
proper dressing procedure is one which utilizes the fastest rates while still
maintaining an acceptable degree of surface roughness.

22

- 11a ——— g o+

. - PR . L o RN




Hughes Helicopters HH 80-125

Under the scope of this program and with the amount of available material,
an attempt was made to obtain the most comprehensive information possible
regarding the conventional machining of ESR 4340 steel. All the machining
operations were found to be extremely difficult and application towards pro-
duction parts appears to be unfeasible. Reduced feeds and speeds still
resulted in tool lives which were shorter than desired. Low stress grinding
techniques do appear to be applicable to this material. Efforts are being
made to incorporate the recommended changes to the low stress grinding
specification. The extent of actual changes will be determined by the com-
promising effects of reduced production rates and increased quality,

Table VII summarizes the results obtained, presenting the best tools and
conditions for each of the machining operations investigated in this program.
In view of the results, the program has been cancelled and studies regarding
possible alternative methods for machining ESR 4340 steel are being consid-
ered for a new program.

23
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CONCLUSIONS AND RECOMMENDATIONS

This study regarding the machining of ESR 4340 has led to the following
conclusions:

e Conventional machining methods are not applicable to this material.
Tool lives remain short despite reductions in feeds and speeds.
Material rermoval rates are lower than those which can be used
for other high strength steels.

e In ranges above 50 Rc, slight hardness reductions create great
improvements in machinability, occasionally allowing tool lives
to double.

e Turning and milling operations generally gave the best results
when machining was done without cutting fluid. Drilling was
aided by the use of chlorinated cutting fluid, while grinding was
best done with sulfurized oil.

e Low stress grinding techniques are applicable to this material,
when proper dressing procedures and reduced rates are used. The
results of this program indicate the need to revise the low stress
grinding specification for ESR 4340 steel regarding dressing
procedure, cutting fluids and cutting rates.

Based on the results of the program studies of alternative methods of machin-
ing ESR steel is recommended. Although not used during the course of this
program, previous studies indicate that Borozon (cubic boron nitride) wheels
should be considered for surface grinding operations. They are highly
resistant to wear and allow higher grinding speeds for greater productivity,
However, the wheels are extremely high priced, often more than ten times
the cost of equivalent aluminum oxide wheels. The Borozon wheel is best
suited for grinding situations which occur repeatedly.
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APPENDIX A

A compilation of data obtained primarily through a literature survey
conducted at the Machinability Data Center. The data consists of conditions
used in attempts to machine various high hardness materials (50 Rc and
above) which approach ESR 4340 steel. The information was used to help
establish a starting point for tools and parameter values in our own rmachining
investigations involving ESR 4340 steel.
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€3 Hughes Helicopters HH 80-125

APPENDIX B

HMS 6-1121, Hughes material specification for electroslag refined 4340 steel
forged billet.
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REVISIONS
LTR DESCRIPTION DATE APPROVED
New Released on EO 126568 05/29/71
A Released on EO 130696 08/15/7»
B Rceleased on EO 130876 12/23/75
C Released on EO 131222 08/12/76
D Released on EQ 131361 11/21/77
E Rc¢leased on EO 131962 03/24/7%
F Released on EO 132148 o1/ 7%
SCOPE: This specification covers electroslag refined (ESR 4..40) steel
forged billet intended for use at the 280~ to 300-ksi strength level,
CHANGES: (1) Editorial change to format.
(2) Maximum carbon content in Table I changed from 0,43 to 0,41,
(3) 3.10.1 adds new microinclusions requirements,
4
Change bars indicate technical changes only,
Ul
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"REPARED ' NUMBER HMS 6-1121

APPROVED " DATE ISSUED 5-9-74

APPROVED DATE REVISED (F)
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TITLE:

ELECTROSLAG REFINED 4340 STEEL FORGED BILLET

[ Tal TYIRY VY]

1., SCOPE

1.1 This specification covers electroslag refined (ESR) 4340 {crged billet
intended for use at the 280~ to 300-ksi strength level,

2, APPLICABLE DOCUMENTS

2.1 Government documents, The following documents of the e::act issue
in effect on date of the invitation for bids or request for proposal {>rm a part
of this specification to the extent specified herein, In case of conilict batween
these documents and this specification, the requirements of this suecification
shall prevail,

SPECIFICATIONS

Military

MIL-~I-8950 Inspection, Ultrasonic, Wroight
Metals, Process for

STANDARDS
Federal
FED-STD-151 Federal Test Method
2.1.1 Copies of specifications, standards, drawings, and publications
required by suppliers in connection with specified procurement functions

should be obtained from the procuring activity or as directed by the con-
tracting officer,




-
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2.2 Non-Government documents

SPECIFICATIONS
Industry

Hughes Helicopters

HP 1-1 Heat Treatment of Steels, Nickel-
Base, and Cobalt-Base Alloys

HP 6-5 Magnetic Particle Inspection
HP 6-19 Hardness Testing of Metals
HP 6-22 Ultrasonic Inspection of Metals
HP 6-25 Procedure for Determining the
: Mechanical Properties of Metallic
Materials
HP 8-5 Identification of Detail Parts and

Assemblies

OTHER PUBLICATIONS

Aeronautical Materials Specifications

AMS 2300 Premium Aircraft Quality Steel
Cleanliness - Magnetic Particle
Inspection Procedures

American Society for Testing and Materials

ASTM E 45 ‘ Determining the Inclusion Content
of Steel

ASTM E 122 Estimating the Average Grain Size
of Metals

ASTM E 353 Chemical Analysis of Stainless

Steel, Heat Resistant, Maraging,
and Other Similar Chromium-
Nickel-Iron Alloys

ASTM E 381 Rating Macroetched Steel

FORM 1644A é; Hughes Helicopters
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2.2.1 Technical society and technical association specifications and
standards are generally available for reference from libraries. Thcy are
also distributed among technical groups and using Federal agencies.

3. REQUIREMENTS
3.1 Definitions.
3.1.1 AOD., Argon-oxygen decarburized.

3.1.2 ESR. Electroslag refined.

3.1.3 Ingot. A quantity of 4340 AOD or ESR steel melted in a single mold
of 2 known size and weight.

3.1.4 Lot. A quantity of 4340 steel melted by the ESR process into an
ingot and hot worked as a single unit to different product sizes and forms.

.

3.1.5 Melt. A homogeneous batch of 4340 AOD steel melted and solidified |
into ingot(s). :

3.1.6 RCS. Round corner square.

3.2 Material quality.

3.2.1 The starting material shall be a single melt of 4340 argon-oxygen
decarburized (AOD) ingot(s) or equivalent prior to remelting by the electro-
slag refining process.

3.2.2 The material shall be produced by the electroslag refining process
using equipment specifically designed for electroslag refining of low-alloy,
high-strength steels that has been approved for steel making by the Materials,
Processes, and Standards Department of Hughes Helicopters.

3.2.3 The billet stock shall be hot worked in at least two longitudinal
planes to ensure that minimum mechanical properties can be met in the
transverse direction when heat treated and tempered to full strgngth level,

3.3 Forging temperature. The forging stock shall be heated to 2100° £25°F
(1149° £13,9°C) for initial heating and shall receive a minimum reduction of
3:1 in cross section area. The finish forging temperature shall be within the
range of 1700° to 1800°F (927° to 982°C).

FORM 1644A - é; Hughes Helicopters
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3.4 Condition. -Forged billet shall be supplied in the normalized and
tempered condition in accordance with HP 1-1.

3.5 Composition. The lot shall conform to the percentages by weight
shown in Table L.

TABLE I. COMPOSITION PERCENTAGES BY WEIGHT

Element Minimum Maximurn
| Carbon 0. 38 0.41
Manganese 0. 60 0.80
Silicon 0. 20 0. 35
Phosphorus - 0.010
Sulfur - 0. 008
Chromium 0.70 0.90
Nickel 1. 65 2.00
Molybdenum * 0.20 0. 30
Copper - 0. 35
Aluminum - 0. 030
Iron - balance
L

3.6 Macrostructure. Full cross-section macroslab wafer prepared in
accordance with 4.2. 3 shall be free of cracks, pipe, bursts, segregation,
flakes, seams, and other deleterious effects which would adversely affect
static mechanical properties after heat treat.

3.7 Mechanical properties. The material shall meet the minimum
mechanical properties specified in Table II after heat treatment per HP 1-1
to the HT condition.

TABLE II. MINIMUM MECHANICAL PROPERTIES

Ftu Fty El R.A.

L_‘ Direction ksi (MPa) ksi (MPa) Percent Percent
Longitudinal . 280 (2689) 200 (2275) 10 25
Transverse 260 {1793) 200 (1496) 10 25

FORM 1644A é; Mughes Helicopters
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3.8 Ilardness. Material hardness tested in accordance with HP 6-19 shall
nieet the hardness requirements after heat treatment to the HT condition as
follows:

a. Brinell Hardness, 535 to 578
b. Rockwell llardness, Rc 54 to 57

3.9 Cleanliness. The product shall be uniform in quality and condition,

cleun, sound and free from foreign materials when magnetic particle inspected

per 4.2.6.

3.10 Microexamination,

3.10.1 Microinclusions. The size and frequency of microinclusions shall
not exceed the Jernkontoret limits as shown in Table III when tested per 4.2.7.

TABLE III. MICROINCLUSION RATING

Dimensional Limitations Thickness
Microinclusion Type or Diameter (inches) Worst Field
Type A - thin 0. 00016 max 1.5
Type A - heavy 0. 00040 max 1.0
Type B - thin 0. 0003 to 0.0005, excl 1.5
Type I3 - heavy 0. 0005 to 0.0010, incl 1.0
Type C - thin 0. 00020 max 1.5
Type C - heavy 0. 00035 max 1.0
Type D - thin 0. 0002 to 0. 0004, excl 2.0
Type D - heavy 0. 0004 to 0.0010, incl 1.5

Note: For Types A, B and C thin combined, there shall be not more than
three fields of No. 1.5A type, or No. 1.5B and No. 1, 0C types, and
not more than five other lower rateable A, B and C type-thin fields
per specimen. For D type-thin, there shall be not more than three
No. 1.5 fields, and no more than five other lower rateable D type-
thin fields per specimen., There shall be not more than one field
each of No. 1,0A, B and C type or No, 1, 5D type-heavy per speci-
men. A rateable field is defined as one which has a Type A, B, C
or D microinclusion rating of at least No, 1.0 thin or heavy in
accordance with the dimensional limitations and the Jernkontoret
Chart.

FORM 1644A é Hughes Helicopters
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{ 3.10.2 Microstructure. The microstructure shall be predominatly
tempered martensite after heat treatment to the HT condition.

3.10.3 Grain size. The austenitic grain size shall be 5 or finer.

3.11 Decarburization limits for forgings. Table IV defines acceptable

limits for decarburization of as-forged products.

TABLE IV. DECARBURIZATION LIMITS FOR AS-FORGED PRODUCTS

Nominal Diameter or Distance Between
Opposite Faces in.
(mm)

Maximum Depth of
Decarburization®
in. (mm)

- to 0.375 (9.53)

0.376 to 0.500 (9. 55 to 12.7)
0.501 to 0.625 (‘12. 73 to 15.9)
0.626 to 1. 000 (15.9 to 25. 4)
1.010 to 1.500 (25.7 to 38.1)
1.510 to 2. 000 (38.4 to 50. 8)
2.010 to 2.500 (51.1 to 63.5)
2.510 to 3. 000 (63.8 to 76.2)
Over 3.000 (76.2)

0. 010 (0. 254)
0.012 (0. 305)
0.014 (0.356)
0.017 (0.432)
0. 020 (0. 508)
0. 025 (0. 635)
0. 030 (0.762)
0. 035 (0. 889)
0. 045 (1.143)

"The value specified as the maximum depth of decarburization is the
-sum of the complete, plus the partial decarburization.

less.

Note: When determining the depth of decarburization, it is permissible
to disregard local areas provided the decarburization of such
areas does not exceed the limits of Table III by more than
0. 005 inch (0.127mm) and the width is 0. 065 inch (1. 65mm) or

4. QUALITY ASSURANCE PROVISIONS .

4.1 Responsibility for testing.

4.1.1 Supplier responsibility. The supplier is responsible for the per-
forinance of all testing requirements as specified herein. The supplierAmay
utilize his own facilities or any commercial testing laboratory acceptable to
Materials, Processes, and Standards Department of Hughes Helicopters.

FORM 1644A
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4.1.2 Hughe-s' Helicopters. All incoming material shall be inspected upon

receipt at‘Hughes Helicopters for compliance to the requirements s|ecified
herein., Each lot shall be tested. When more than one size of mate rial is
represented by a single lot, a sample from each of the following product
sizes shall he tested,

2.5to 3.5 RCS or dia, in.
4.5 to 5.5 RCS or dia, in.
8.0to 10 RCS or dia, 1in.

Substitution or deviation from the above sizes shall be approved by HH Mate-
rials, Processes and Standards Department.

4. 1.3 Process control documentation. Written procedures controlling
fabrication, inspection, and testing of material shall be maintained by the
supplier and shall be available for review by Hughes Helicopters.

1.2 Testing requirements.

4.2.1 Chemical analysis. Chemical composition shall be determined by

] wet chemical methods in accordance with ASTM E 353, by spectrographic
methods in accordance with FED-STD-151, Method 112, or by other approved
analytical methods.

4.2.2 Ultrasonic. Each forged billet shall exhibit an ultrasonic quality
per MIL-I-8950, Class A, or HP 6-22, Class B, as applicable.

4,2.3 Macroexamination. A serialized full cross-section macroslab wafer
approximately 1 inch thick shall be taken from the top and bottom of the largest
forped billet. The wafer shall be ground to an RHR 63 finish, or better, and
etched in a hydrochloric-sulfuric acid mixture per ASTM E 381.

Vi -

4.2.4 Mechanical properties. The material shall meet the minimum
mechanical properties specified in Table 1l after heat treatment to the HT
condition per HP 1-1, and testing per HP 6-25. Longitudinal and transverse
specimens shall be tested.

4.2.5 Hardness. Material shall be hardness tested per HP 6-19 and meet
hardness requirements after heat treatment to the HT condition.

FORM 1644A ' é; Hughes Holico;t\sa\
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4.2.6 Magnetie .particle inspection. Each lot shall be magnetic particle
( inspected in accordance with AMS 2300 or HP 6-5 using a stepped down test
bar and shall meet the cleanliness requirements of 3. 9.

4.2.,7 Microexamination. A section of material taken in the longitudinal
and transverse direction shall be examined for conformance to 3. 10.
Austenitic grain size shall be measured per ASTM E 122. The size and
frequency of microinclusions shall be determined on a longitudinal sec¢ction
in accordance with ASTM E 45, i

4.3 Reports. i

4.3.1 The supplier shall furnish with each shipment three copies uf a test
report for each lot to determine conformance to the requirements of Section 3
ol this specification.

4.3.2 Records. Copies of these test reports shall be filed for a minimum
of 3 years after completion of the contract and shall be made available to

Hughes Helicopters persdnnel upon demand.

4.4 lIdentification.

4.4.1 Unless otherwise specified, each forged billet shall be marked in
accordance with the requirements of HP 8-5, Type I, Class 3 with HMS 6-1121,
lot number, manufacturer's identification, ingot number, and nominal size
in inches. The characters shall not be less than 3/8 inch (9.6 mm) in
height.

4.5 Rejection and retests.

4.5.1 If any of the tests specified harein fails, the lot represented by the
failed specimen shall be rejected and shall be submitted to Hughes Helicopters
Material Review Board for disposition,

Where stock sizes are furnished that have been qualified by first article
testing at HH the supplier will be required to requalify the material in the
event that reforging operations have been performed,

5. PREPARATION FOR DELIVERY
5.1 Packaging. All material shall be properly separated by size, shape,

}. and condition, and packaged in a manner acceptable to common carrier for
n safe transportation.

FORM 16444 E; Hughes Helicopters
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5.1.1 Shipping containers, crates, boxes, or bundles shall be marked to
give the following information: ’

a, Material = ESR 4340 steel forged billet

b. Hughes Helicopters Material Specification (HMS) 6~1121
c. Condition -~ normalized and tempered

d. Size

e. Quality in this container

f. Purchase order number

g. Manufacturei"s name or trademark

h, Lot number °

6. NOTES

6.1 Intended use. The process covers an electroslag refined steel forged

billet at a 280~ to 300~ksi strength level used in the manufacture of helicopters
and their ordnance.

7. APPROVED VENDORS

7.1 Vendors whose products are acceptable under this specification are
listed in Hughes Helicopters' Approved Vendors List (AVL) 1121,

FORM 1644A é; Hughes Helicopters
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APPENDIX C

Excerpt from HP1-1, Hughes Helicopter's heat treatment specification for
steel. The excerpt describes the heat treat process established for ESR
4340,
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{ "+ Table X. Heat Treatment of Special Sicels

4340 Electroslag Refined Steel (ESR) (See HMS 6-1121)

Equipment - Normalize, temper {1175°F/635°C) and austenitize shall
be performed in a vacuum furnace capable of meeting 21l of the re-
quirements specified herein.

! Condition NT - Normalize at 1650°F £25°F (899° =13.9°C) for
3 hours minimum at temperature per inch (2. 54 ¢m) of thickness,

,! and cool in inert atmospherc., Temper at 1175° 225°F (635°

‘, ! #13.9°C) for 3 hours per inch (2. 54 cm) of thickness; air or

’ i furnace cool.

E Condition HT - {Material must be in condition NT prior to heat
treating to condition HT). Austenitize at 1525°F 225°F (829°
£13,9°C) for 3 hours minimum at temperature per inch {2. 54 cmn)

_of thickness,

Oil quench (bath temperature after quenching not to exceed 140°F

(60°C)).

Temper at 340°F %]10°F (171° £5,6°C) for 4 hours.

Hardness - Material shall meet the hardness reguirements as follows:

Condition NT - Brinell Hardness 277-32]1 (Rc28-35)

HT - Brinell Hardness 535-578 (R.54-57)

Decarburization - Parts designated as ''ballistic critical' shall be
free of decarburization (total and partial), For fully hardened mate-
rial intended for final use in non-ballistic applications, the depth of
partial decarburization {complete decarburization not permitted) after
all heat treat operations shall not exceed 0.003 inch (0.008 c¢m) on
any surface,

After any grinding operation in the hg%dened condition, stress relief-
| 275° +£10°F (135° £5.6°C) for two hours minimum.

[ 4
H

"\‘. .\..
HP REV. HEAT TREATMENT OF STEELS CUDE IDENT NO.
1-1 K NICKEL-BASE, AND )
SHEET 1§ of 26 COBALT-BASE ALLOYS 02731
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Dwision of Summg Compuration

“Fable X, Heat Treatment of Special Steels (Cont)

Process Control - Each batch of parts shall include three tensile bars
for each heat of material in the batch, The tensile bars shall be
transverse, full sized (R1) per HS 10}, and shall be of the same heat
as the parts they represent., In the event that size and/or configura-
tion of available material will not permit making full sized transverse
tensile bars, the largest obtainable sub-sized transverse tensile bars,
per HS 101, may be used, The tensile bars shall accompany the parts
they represent through all cleaning and heat treating processes, The
tensile bars shall be tested at a Hughes Helicopters approved testing
facility and mechanical properties thus obtained shall conform to the
requirements of HMS 6-1121,

HEAT TREATMENT OF STEELS REV.

CODE 1DENT No. NICKEL-BASE, AND HP 1o K
02731 COBALT-BASE ALLOYS ,
: SHEET 19 of 26 '

FORM 18428
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APPENDIX D

Metcut report regarding surface grinding of ESR 4340 steel. An evaluation
was made using low stress grinding techniques and also using maximum
and minimum conditions of two Hughes Helicopters specifications. Studies
of photomicrographs, hardnesses, and residual stress concentrations were
conducted to determine the effects of the various conditions.




SURFACE GRINDING OF 4340 LSR STELL

Metcut Report 1752-26887-2

for

Hughes Helicopter
Division Summa Corporation
Attn: Mr. Kenneth Niji
Building 305
Culver City, CA 90230

Purchase Order HH112976-737
March 13, 1980

oot Bl

John B. Kohls, Supervisor
Machinability Department

Metcut Research Associates Inc.
3980 Rosslyn Drive
Cincinnati, OH 45209

513/271-5100




At the request of Mr. Ken Niji of Hughes Helicopter, Metcut Research
Associates performed various surface grinding test cuts on 4340 ESR
steel. These test cuts were then compared using various metallographic

techniques. The comparisons included 100X to 1000X visual examination,

micro-hardness travers and residual stress profiles,

Metcut has performed extensive studies in the area of Surface Integrity.
Surface integrity is a study of the surface quality of the workpiece

after machining. This work includes both surface and subsurface alterations.
As a result of this work, Metcut has developed grinding procedures that
will produce a low level compressive stress that is beneficial in fatigue

applications.

One of the five (5) conditions evaluated in this program is the technique
mentioned above and is identified as '"LSG". The remaining four (4)
conditions were taken from Hughes Process Specifications supplied by Mr.

Niji. The specifications supplied were HP 18-12 and HP 15-51.

The five (5) conditions evaluated are listed in Table I. For each condition,

the various grinding parameters are listed in the table.

After machining, metallographic sections were removed from the samples

in such a manner as to minimize heat induced by cut-off.




Sections were taken both longitudinal and transverse to the grinding

lays.

After metallographic mounting, the sections were ground back approximately
0.060 inches using a low speed wheel and silicon carbide paper which was

flushed continuously with water.

Samples were prepared using metallographic techniques that assure optimum

edge retention.

Examination of the samples was performed at magnifications from 100X to

1000X with micro-sections in the etched and unetched condition.

Photomicrographs and microhardness values were obtained on samples

prepared in the direction transverse to the grinding lay axis.

Figures 1, 2, and 3, are typical photomicrographs of the five test
conditions. All surfaces are relatively smooth. The only surface showing

excessive subsurface alteration is HP 15-51 Max. in Figure 3.

k The microhardness traverse profiles are shown in Figure 4. Each condition
shows some surface softening as a result of the grinding conditions.
| Condition HP 15-51 Max. again shows the most alteration from the core

hardness values.




Sections were taken both longitudinal and transverse to the grinding

lays.

After metallographic mounting, the sections were ground back approximately
0.060 inches using a low speed wheel and silicon carbide paper which was

flushed continuously with water.

Samples were prepared using metallographic techniques that assure optimum

edge retention.

Examination of the samples was performed at magnifications from 100X to

1000X with micro-sections in the etched and unetched condition.

Photomicrographs and microhardness values were obtained on samples

prepared in the direction transverse to the grinding lay axis.

Figures 1, 2, and 3, are typical photomicrographs of the five test
conditions. All surfaces are relatively smooth. The only surface showing

excessive subsurface alteration is HP 15-51 Max. in Figure 3.

The microhardness traverse profiles are shown in Figure 4. Each condition
shows some surface softening as a result of the grinding conditions.

Condition HP 15-51 Max. again shows the most alteration from the core

hardness values.




Figure S is a graph of the residual stress profiles for each test surfuce.
The only surface showing the detrimental tensile stresses is the HP 15-
51 Max. A writeup on the residual stress technique and calculation is

given immediately after Figure 5.

From this investigation, it seems that specifying the specification HP
18-12 can yield a fairly good level of surface quality. However specifying
the specification HP 15-51 would not produce a similar effect. HP 15-51
depending on parameters selected, could yield either compressive or

tensile stress. This wide variation in residual stress is not recommended

for a high stressed critical part.
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Hount ho. 2425 [RSISIERN

Mount No. 24257 [O0UX

Generally Smooth Surfuace With [solated Light Ftching
Scallops. Mo bvidence of Laps or Crachs,

PHOTOMICROGRAPHS OF J3405KR =THEL SUREFACE GROUND BY METCUT
YLOW STRESS™ GRIND TECHNIQULES
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Figure 1




Mount No. 24179 LUUOX
HE 18-12 Min.

Generally Smooth Surface with Very Thin Light f£tching

Surface Layer (less than 0.0001 ins.). Isolated Instances of Surface Laps.

Mount No. 24175 1000X
HP 18-12 Max.

Generally Smooth Surface With Layer More Frequent Light Etching Scallops

Than Low Stress Believed to be Untempered Martensite. Some
Instances of Laps and Micro-cracks

PHOTOMICROGRAPHS OF 4340 ESR STEEL SURFACE GROUND
BY TECHNIQUES PERMITTED IN HP 18-12

Figure 2
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Mount No. 24183 1ulux

Generally Smooth Surtfice with Isolated Instunces of

Scallops (WU Tracks and Laps

Mount no. 21iESH [ESTHAN
HP 15-51 Max.

Larger and More Frequent Instances of Untempered Hartensite,

Laps and Oracks

PHOTOMTCROGRAPHS OF 530 P =k STHE L SURFACE GROUND BY
TRCHNTQUD S PLadib e IN HE 15-561
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RESIDUAL STRiSS PROFILES PRODUCED BY
SURFACE GRINDING 4340 ESR STEEL
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LABORATC Y REPORT

METCUT RESEARCH ASSOCIATES INC.
3980 Rosslyn Drive, Cincinnat, Ohio 452369 / Teletype: 810-461-2840 / Telepnone 1513 271-5100

Number: 1752-26887-2

Residual stress measurements were made using the technique recommended

by the Society of Automotive Engineers. The specific technique employed
differed from the more common SAE technique in two respects. First, the
diffraction peak used for stress measurcment was located using a five-
point parabolic regression procedure rather than the three-point algebraic
procedure more commonly used. Second, the intensities measured at each
of the five points were corrected for the background intensity. These
modifications improve the repeatability of stress measurements. Except
for these modifications, the technique is identical to that described in
the Society of Automotive Engineers Publication "Residual Stress lMeasurc-
ment by X-Ray Diffraction,' SAW J784a. Details of the technique and
diffractometer fixturing are outlined below:

Diffraction Peak: (211)
Radiation: CrKa

Incident Beam Divergence: 3°
Detection Slit: 0.7°

E/(1 + v): 24.5 x 10% psi

The value of the elastic property E/(1 + v) in the direction normal to the
(211) crystallographic planes was taken to be the samec as previously deter-
mined for hardened 4340 steel, 50 Rc. The determination of crystal elastic
constants for the steel used to manufacture the ESR4340 Steel in question
was not included in the scope of this program.

-

- o




LABORATC Y REPORT

m METCUT RESEARCH ASSOCIATES INC.
3980 Rosslyn Dnive, Cincinnati, Ohio 45269 / Teletype: 810-461-28450 / Telcpnone 513 271-5100

Number: 1752-26887-2

1 Residual stress measurements were made using the technique recommended

by the Society of Automotive Engineers. The specific technique employed
differed from the more common SAE technique in two respects. First, the
diffraction peak used for stress measurement was located using a five-
point parabolic regression procedure rather than the three-point algebraic
procedure more commonly used. Second, the intensities measured at each
of the five points were corrected for the background intensity. These
modifications improve the repeatability of stress measurements. Except
for these modifications, the technique is identical to that described in
the Society of Automotive Engineers Publication "Residual Stress Measurec-
ment by X-Ray Diffraction," SAW J784a. Details of the technique and
diffractometer fixturing are outlined below:

Diffraction Peak: (211)
Radiation: CrkKa

Incident Beam Divergence: 3°
Detection Slit: 0.7°

E/(1 + v): 24.5 x 10% psi

The value of the elastic property E/(1 + v) in the direction normal to the
(211) crystallographic planes was taken to be the same as previously deter-
mined for hardened 4340 steel, 50 Rc. The determination of crystal elastic
constants for the steel used to manufacture the ESR4340 Steel in question
was not included in the scope of this program.

Ea- atars

v s ., UV are 8" 0 R

e SR




Results

Surface residual stresses measured in each test surface were as follows:

Depth Below Surface Residual Stress *
Specimen (in.) (ksi)
LSG 0.0000 -88.3
0.0005 -79.8
0.0010 -20.1
0.0012 43.7
0.0020 28.9 ;
|
HP 18-12 MIN. 0.0000 -58.1 :
0.0004 -64.2 ‘
0.0010 -21.4
0.0012 -14.5
0.0020 31.7
HP 18-12 MAX. 0.0000 0.9
0.0005 -50.7
0.0010 27.8
0.0012 29.3
0.0020 8.5
HP 15-51 MIN. 0.0000 -61.5
0.0004 -41.5
0.0010 -33.0
0.0013 4.5 ;
0.0020 -18.5 :
HP 15-51 MAX. 0.0000 127.8
0.0005 138.0
0.0009 136.4
0.0012 114.5
0.0020 133.0

* Negative value denotes compressive stress.

Details of the data analysis are shown in the attached computer printouts.

The error shown for the stress values are * one standard deviation resulting
from random error in the calibration constant and uncertainty in the diffraction
peak position. An additional systematic error of * 3 ksi arises from instrument
misalignment and sample positioning errors.
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( — CINCINMATL, .OHIC
" RLSIDUAL STRESS DEPTH CORRECTTON AMALYSIS
T 1752=26RF7 1-LSG - LONG.,s 2.0 MILS.,GRN DIk,
S E/(14V) = 24500. += 441, (KSI) FUs 2196, (171N)
~ DATA POINT GFPTH xkhrakurrre  RESIDIAL STRESS (KSI #hsawks ssnsn
L o (IN.) MEASURLD GRAD. CORRECTEL RELAX. CORRECTED
A C.UDOU . =BRL3 4= 2.4 -k2.2 ' -#2.8
2 GL.GCUS “79.5 += 2.6 S —034.;
3 O L.ou -20.1 += 1.7 -58.5 -08.1
_ . 0.0012 43.7 += 1.+ -2.~ P
& .. 0D.uD2U. 23.9 += 1.¢ VY 0.1
i
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METCUT RESEARC: ASSOCIATFS INLC.
—— CINCINNATL OHIO

— o X=RnaY DIFFRACTIONK RESIDUAL STRESS ANALYSIS

e . 1752-26887 1-LSG . . LONG ,3 2.0 MILS.,GRN OIR.
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| METCUT RESEARCH ASSUCIATES INC.

— CINCINMATI, .ORIO
( e | ;
FIVE POINT PARABOLIC DIFFRACTION PLAK STRESS ANALYSIS i
: e i
. 1752-26887 1-LSG LONG, SURFACF ,GRN Din.
o PS1 2 THETA TIME CUR. TIME D (A) VERTEX +~ ST."EV, '
e L.00T 154,000 $5.040 S0 44k 1
154,500 32.220 275.249 i
e A55.000 31.740 . 25%.7L09 :
155.700 32,220 277.6¢1 '
_ - 156.200 33.030 212.%5¢9 1.1731¢0 '
155.0736 +=0."05%:
45.C00 155,60 20.510 335,693
B 1550540 - 19.890 267 K2G
156.2C . 19,480 244,998
e 156.600L 19.600 _  272.733
157.000 19.830 325,441 1.17099
— - . « ' 156.0277 +~0 . 21
E/(1+V) = c6500,. += 441, (KSID STRESS = =B&,7 += 2,4 (rSI)
; i DELTA L = =0.G0L211 (A) STPAIN = =0 (001902 (It./IN_)
s
FIVE POINT PAKABOLIC DIFFRACTICN PLA¥Y STRESS ANALYSIS

1752=-c68¢7 1-LSG LONG.,a {..5 MILS.,GRN DR,

PSl

0.06G0

45.000

t/(1+v)

DELTA D

2 THETA T1lit COR, TINME D CR) VERTEX += ST, PEFV.,
154 .00 33.630 33¢,222
154.500 32.690 295.%517
55.000L 32.110 272.214
155.500 32.220 7Y 452
156.000 72200 A05.769 1.17¢¢85
155.1¥856 +=(1, 01572
15%.007% ¢3.700 137.C01
155.500 23.090 12¢.990
1596.200 22.600 121.162
156,600 22.%20 127.6¢3
157.00° 23.010 134.06¢C 1.170%4
’ 156.0506 +=0.007S
24500U. += 441, (¥SID) STRFSS =  =76,2 +- 2.6 (xSI)
«0.,00191 (A) STPAINL = ~(.NN162y (IN./INL)
a Ek s Akl o e e




METCUT RESCARCH ASSCGCIATES INMNC,
—— . . CINCINNATL, .0nlO

( ' o FIVE POINT PARABOLIC DIFFRACTION PEAY STRESS ANALYSIS

. 1752-24287 1-LSG=-1 LOMG,SURFACE ,REPOSITIONED,GRN DIR
, PS1 2 THETA TIME COR. TIME D (A)  VERTEY 4+- ST.LFV.
o CC.UGU . 154,000 33.490 222,715
154,500 22.470 (UL 224
N 155,000 21.960 . 262.298
155.500 32.220 272.6497
o 156.000 32.770 295.65% 1.17296
155.1522 +=0 0057
T 45,000 155.000 2%.220 205.513
o 155.500 22.¢90 120 071
156.200 21.780 158,636
_ o 156,600 21.930 14k.34L3
157.G00¢ 22.180 182,506 1.17G76
, o 15€.1362 +=0.0043
_ E/(1+y) = 26507 o 4= 441, (KST) STRESS =  =61.G += 2.5 (¥S])
DELTA D = =0.00z20 (A) STRAIN = =C.001875 (It./IN.)




METCUT RESFARC:: ASSOCIATES
CINCINNATL, .CHIO

INC.

¢ 7 FIVE POINT PARABOLIC DIFFKACTION PFAK STRESS ANALYSIS

e 1752-26E67 1-LS6 LONG.,2 1.0 MILS.,GKkNh DIK.
— o pSl 2 THETA TIME COR, TIME B (A)  VERTEa +- ST.DEV.
. 0.000 . 154,500 34.190 35,737
155.00L 33,410 WU.845
_ . 155.500 33,080 2¥R.3K5
156.000 33,390 02,240
L 156,500 33._%10 222.29% 1.172010
195.5655 +=C.00k<
7 45.000 155.000 23.680 191,232
— 155,500 23.710 160.911
15¢.000 23.100 17+ .342
. i 156.500 23.220  1#9.370
1£7.000 23.440 206.631 1.17152
e . 155.7%27 +=0 (7~
e EIQIV) = 26500, += 441. (KST) STRESS = =¢iu1 += 1.7 (rsl)
o DELTA C = =0.0004% (A) STOAIN = ~(.0UMLAC (IN./IN.
o FIVE POINT PARAROLIC DIFFRACTION PFAK STRESS AMALYSIS
T T 1752-:6887 1-LSG CLONG.,% 1.2 #1LS.,GPN DIK.
T U ps1 2 THETA TIME  COR. TIME L CA) VERTEX += SY.0tv,
G.00U 155.000 42.670  ¢56.428
o 155,500 42 .400 *07.631
156 .06 42.1¢0 770 .54 R
o 156,500 42,470 %31.251
157,00 42.770 Y01.06¢8 1.17131
i . A S - 155 .&821 +=(.: (066
4 45,000 156500 29,180 545,353
; 155,000 29.020 S46,1R2
| . 1%5.50U 2R 470 466150
156.000 25,630 531.24¢
_156.70u 28.740 ¢20.532 1.1723%
| 1565 .400¢ +~0.0104 17
TTE/C1V) = 24500, 4= 441, (KSID) STRESS = 2.7 4= 1. 0SD)
DELTA D = C.0GAUW (A) STRAIN = C.0N0CEY2 (INJ/IN.,




METCUT RESFARCH ASSOCL/ATES
———— : CINCINNATI, ,OHIC

S FIVE POINT PARABOLIC DIFFKACTIGN PEAK

—— 1752-26887 1-LSG LONG.,? c¢.C
_ PSI 2 THETA TIrmE COk. TiME 0 (A)
o J.000 155,000 43,750 1431.166
155.500 43.3%70 936,834
156,06l . 43.170 .. #$6.035
156.50U 43.490 8,265
L , 157.C0U L3.770 Tue7.5¢h 1.1712%
o 45,000 155,000 ©30.470 737,588
N 155.5C0 30.300 332,75y
156,20 30,020 TR ET:
B ] 156.00u 30.370 370.040
157.G0u. 34,660 415.211 1.1715¢
E/(1+V) = 24500. += 441, (KSD) STRFSS =
DELTA D = L.oGDE? (A) STrAIL =

INC.

STRESS ANALYSIS

¥1LS.,GRNL DIR,

VEKTEX += ST _ DFV,

I~

185.91¢7 +=-"."75

1£5.6022 +~-0. L64
2.9 4= 1.6 (¥S])

LJOCULC (INJ/TN D)




o METCUT RESEARCH
o o CINCINNAT
F {
RESIDUAL STRESS DEPTH
T 175026877 3-1e-12-KIN
S E/(1+V) = 24500, +- 441,
DATA POINT DEPT I AAkAANKARRN K
R _ O CING) MEASURED _ .
1. .. 0.0000 . =58.1 #-.2.5
R S ¢.0004 —6h.l +- 1.0
_— 3 0.001C | C=21.4 +=_ 1.5
. 4 . 0UOUIE . =14.5 += 1.5
R S _ _L.n0e0. . 31.7 *= 1.6
| I i
! I
i e
f

ASSOCIATES INC.

1, .GhIC

CORRECTION ANALYSIS

LOMG.,& 2.0 MILS.,GR! DIR.

(KsS1) U= 219e. (1/71IN)
RESIDUAL STRESS (KSI dxax

Ak ok wh AN

GKAB., CORRECTED RELAX, CORRFCTEL
VLIS 41>
-66.2 =¢6.1
-31.5 -1,
=23.4 -23.
17.6 17.7
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METCUT RESFARCH ASSCCIATCYS INC,

——— e - . CINCINNATIL CI110

——— - - - X=RAY DIFFRACTION RCSICUAL STRESS ANALYSIS
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(I VICRYA
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Psl

L.0Go

E

b

/(1+y)

LLTA D

PS1

.G00U

45,000

METCUT KES
CIN

1752-2¢587 3-18-12-MIN

2 THETA

154.500
154,701
A55.000
155.500
15¢.000

155.0L00

155,500

156.000
156,700
157.000

= 24500,

TIME

33.250
33.800
52.590
52.930
33.¢6G

<3.070
/2.39C
22.150
22.360
22.570

- L4,

tARCHL ASSGCLATES INC.
CINNATT, _OR1O

CFIVE POINT PARAGOLIC DIFFRACTION PEAK STRESS ANALYSIS

LONG.SUREACE ,GRN DIk,

COR. TINME

515,035
240,875
285,555
300.77¢8
$16.623

109.1°8
101.41°F
1e.te
_0s5.777
110.227

(KSI)

N (A) VERTEX +=- ST.0kv,

1.17¢53
155.526c +-"_, .64

1.17114
155.9971 +-0 . Ly
STRESS = =52.1 +- 2.5 41

STREIN = =( 071186 (N, . In..

FIVE PGINT PARAGOLIC ULIFFRACTICN PEAK STRESS ANALYSLS

175¢-26k67 3-14-12-MIN

2 THETA T1ME
154 .000 41.01C
154,.50U 40.470
155,800 39 .460
LY., 50u 40,170
156.000 LG 590
15%.0L07% 27.420
155.500 27.170
156.06G2 c6.Y40)
156,501 27.000
107.L0C 27.540

z L0 . = L4,

- U1%4 (A)

LONG.,a .4 MILS,GRN DIk

COR. TimE

751 .14%
¢69.0cH
593,391
A34 341
Th6.03¢

1L08.052
10558.64¢
1T010.42¢
1201.20¢
2314.546

(KsS1)

Oo(R) VERTEX +- ST.0EV.

117561
1u5.0312 =000k

1.171¢¢
155.7197 +~0 0016

STRISS = <64.2 += 1.6 (rS51)

STRATM

=G.001310 (It ./1N.2
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' METCUT RESEBRCH ASSOCIATES IMC.
- o CINCINNATL, .Ch1O
{ T FIVE POINT PARABOLIC DIFFKACTION FEAK STRESS ANALYSTS
e 1792=20GBET 3-18=12-MIN LONG,.,& 1.0 MILS.,GRN DIK.
. PSI 2 THETA TIKE COoF. TIME 5OCA) VERTEX +- ST._GFV.
o oU _15a.500 33,920 3¢5.09%
155,600 35.350 SLHLLL6
. 155.500 . .. 33.010. @ 287.447
156,000 33.340 302.01%
. - 156 .60 14,030 545,422 1.17215
| 16504817 +-7 NLb4
3
1 T 45,060 155,006 23.330 170.294
g . 155.509 2.590 . 161,539
g 155,900 22.710 158.680
z o 15%6.500 22.920 . 172.404
157,000 23.450 2C1. 48k 1.9716¢
I I 155.7137 +=0 1 45t
CE/(14Y) = 24500G. +=  4h1. (KS1) STRFSS =  =21.4 += 1.5 (¥S1y
e DELTA D = =0.00057 (A) o STRAIN = =G.0GCAE7 (Tt /1%,
FIVE FOINT PARABOLIC DIFFRACTION PFAK STRESS ANALYSIS
C1752-c68ET7 3=18=12-MIN  LONG.,a 1.2 MILS.,GRM DIR.
T T ps1 ¢ THETA TIME  COR. TIMC L (A) VERTEX 4= ST,ifv.
- ' 0.000 154.500 34,170 339,171
, o 155.006U 33,510 322.506
155,800 33,390 365.11C
. 156,300 T5.770 0 525.4%42
196,400 34,330 354,450 1.171%%
‘ L 1C5.57C +=0u L7
: L 65,000  155.000  23.750 196.653
i 155.500 235.340 145,54,
o 15€.000 23.1060 162.171
156.500 25,3460 109,070
o i 157,00t 23.710 20,608 1.17164
) 1957280 +-0..055%
TTTTEZCIRY) = 264500, = 441, (KST) STRESS = =14.,5 4= 1.9 (+SI)
TTTDELTA D = -0.CLU3BS (A) o STRAIN = =0,0002%6 (It ./7IND)
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METCUT RESEARCr ASSCCIATLS [tC.
—_— I CINCINNATI, 0110

FIVE PCINT PARABOLIC DIFFRACTION FEAK STRESS ANALYSIS

N 1752-26€¢7 $=1%=12-MIK LONG.,a C.C #ILS.,GKN DIR.
. PS1 2 ThETA TIME COK. TIMC NO(A)  VERTEX 4= ST.DEV.
o 0.00¢ 155,000 44.270 924, 29K
155.500 43.730 18,613
e 150.000 . 43.570 794,200
156.700 44,100 YU3.470
e 157,300 44,520 1011.523 1.1711¢
155.9476 +=( . 451
45.0C0  155.300 29.740 5F4.6a4
155,700 _29.540 . . 570.317
156. 300 29.470 6LE.557
U 15A08C0 . 29.610. . 713,023
157.300 29.680 £22.211 1.17162
S e 155 .6026 +=( .1.059
E/(1+V) = 26500, += 441. (KSI) STRESS = 31.7 += 1.6 (kSI)

DLLTA U.0C076 (R) STRAIN = 0.,0C0647 (1. /1N




METCUT PESEARCH ASSCCIATES INC.
CINCINNATIT, .OHIC

FESIDUAL STRESS DEPTH COKRECTIO ANALYSIS

175226847 2-18-12-MAX  LONG.,u 2.0 MILS.,GRN DIR.
) _ VISR IE 24500. += 41. (KSI) MU= 219¢. (1/IN)
DATA POINT DEFTH sunrwnnanur  RFSIDUAL STRESS (KSI ##an

AR AR AA RS

e (IN.) MEASURLD GRAD. CORRFCTED RELAX. CORKECTED
_— . 0.0000. C.? += 0.~ BT 52..
e G.000S =50.7 += 1.1 -58.4 -38.¢
— e 3 _L.0Lr0 27.8 += 1.4 17.° 17.¢
e 0 L0L0002 2Y.5 += 1.8 0.5 2005
..0.0020 _ A= 0.3 172 17.7




METCUT PESFARC: ASSCCIATFS INC.
—_— CINCINNATI 0410

{ _— eeeceee oo X~RAY DIFFRACTION RESIDUAL STRESS AMALYSIS
e e AT52526887 2=10-12-MAX LOY6.,» 2.0 MILS.,GRM DIPR,
RESIDUAL STFESS (KST)

DEPTH =-75.0 =50 .0 -25.u G 25.% 50,0 75.
(IN.)

I L e Rl el e e D DR e kT B
_0.060C0 i .}
C.6.M1 I
0.00Q2 I
O0.ulU4 1
G.0GUS 1
C.Qulie I
o.0007 _ .1 ) o>
1
I
1
I
1
I

e iy At

*

U.00L0Y
-— bt __ L.
C.001
o UJbutrte
C.0L14
0.0015%
c.0u16
— . o.oL17
0.G016¢
; e o L.oueo
' L.0ET

I
1
1

1

1

S u.0022 1
G.ui2s 1

o GWGleS_ Y
C.0L26 1
_0.0u2?7 1
0.0n2y i
0.0050 I
0.0031 I
L.UGS2 1
U.GUS4 1
1

I

1

1

I

I

1

1

1

T

I

1

..1

G.0GL35 1
0.Cu36

__0.0udr
L.ULSY
1.G040
0.0i41

] U.Unbe
C.0Lud

4 _ -

! ‘ C0.0G0WS

! V.0U46

] 0.0C47
G.0u49
U.0us0
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METCUT RESFARCH ASSOCIATES INC,
— . . CINCIMNNITL, LOHIC

© FIVE POINT PARABOLIC DIFFKACTION PLAF STKESS ANALYSIS

175226087 2=18-12-FAX. LCIG,SURFACE,GRN DIR.
. psI 2 THETA TIME COK. TIME D (A) VERTEX 4~ ST.UEV.
00U 1544500 52.570 291.3¢5
155.0010. 31.820 263,193
e 155.50%_ . 31.500_ . _252.912
15¢.000 41.700 260,620
I 1564400 32,40 . ¢%1.317 1.17222
195,467 +=" .- GS57
45,000 154.50., 23.340  3CE.S98
. N E V) S 22.K20.  52.31¢
15%.500 22.210 235.07¢
L 156.00U. . 22.3%10. 254.074 .
156. 400 22.700 307.378 1.17224
— ) o 155.4576 +=0 .71
e E/(14y) = 24500, +=  441. (KSI) STRPSS = C.9 += .= (¢S])
L DLLTA D = (U.00GUc (A) - STRAIN =  U.000D1~ (Ih./I%.
] . FIVE FPOINT PAFASQLIC DIFFRACTION I'EAK STRESS AMALYSIS
o 175 2-c6867 2=18=12=MAX LONG.,a ¢ .5 ¥ILS.,GPN DIR.
i T T Ps1 2 THETA TIME COR. TIMF © (A)  VERTEX +- ST.: Fv.
T T aLoun 154.500 33.610 £99.500
_ _ 155,007 22.500  259.407
155,60 31.790 iR L,11¢
L o 156. 50 31.91Q C62.704
156.600 C.030 C.058 1.17332
o 154 .$757 +-=.0014
45,0060 154.501 25.450 c65.417
155.000 22.590 21¢.042
L 155,700 22.140 262,861
156.400 22.520 242.511
) 1%6.700 235.010 296.142 1.17212
' 1555144 +=1 .00 33
) E/CIHY) =TT 24500, 4= 441, (KS1) STRESS = =40 .2 4= 1.1 (kSD)

DELTA D = =(.0U121 &>~~~ =7 STPAIN = =0,0010%% (INJ/IN,)
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METCUT FESEARCH ASSCCIATFS INC.
. N CINCINNATI, .OPLO
{ T T T U FIVE POINT PARABOLIC DIFFKACTION PEAK STRESS ANALYSIS
e 1752-26b¢7 2-18=12-FAX-1  LOMNG,SURFACE, REPOSITIONEL,GRN DIF
) Psl 2 THETA Tiur COR. TIME L (A)  VIRTFY 4- ST."FvV.
e LW0UO_ . 1540500 13210 291,558
155.C0 52.420 264,624
o o A5s5.500. 32.150 .. 256.2¢3
156.000 52.630 273.663
156,560 33.470 Cr 700 1.17235
155 4066 +=i 2057
' T 45.00C 154.500 23.550 753.624
— _LAss.eey 22.750 LY. 642
155,700 22.420 204 871
L  156.100_  22.500_ 217.075
156.500 22.950 258 7(F 1.17219
e ; 155,471 +=0  GLSw }
L EIQey) = 24500, +- 441. (KSL) STRESS =  =6.4 += 1.0 (rSD)
_ DELTA b = =(.G001S (A) STRAIN = -L.0061%1 (IN./IN.;
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) METCUT PFSIARCH ASSOCIAIES INC.
. o CINCINNATI, .CHIC H
] FIVE POINT PARABOLIC DIFFFACTION FLAK STRESS ALALYSIS
“ e e e e e R 1 |
P . 1752-26887 c-10=12-MAX LONG.,d 1.0 MILS.,GRN DIR.
. FSI 2 THETA TIVE cor. TIirf FO(A)  VIPTEX 4= ST.0fV.
. L. 00G 155,000 33.570 301.542
155.5Co 33.070 252.716
E oS8 .h00 32.800 273.561
156.500 32.990 S8 4YL
e 157,000 33.500 N2.902 1.1710¢
; 155,956 % +=1).0058¢
[ — . . . - .
L 45.000 155,000 23.430 300,775
- 155,500 22.970 P71.156
156,257 22,8210 272.721
. 15A. 501 23.020 212.024
157.000 235.420 400.073 1.1717¢2
o _ : 155,682 4+=.. 03¢
e EIQIV) = 24500, +~ 441, (KSI) _ STRFSS = 27,8 += 1,A (rS1)
S DeLTA D = {.50066 (A) STRAIN =  +.f5#7 (Ih.71N.,

FIVE POINT PARADOLIC DIFFRACTION HEAK STRESS FMALYSIS

17Sz=ctto? 2=18=12~"AX LONG.,@ 1.2 ™ILS.,LRN DIR.
T PS1 2 TnETA TIXE CGR. TIME N (A)  VERTEX += ST.TEV.
o 0.000 155.000 42.570 0. E61
) 155,500 42.220 751,045
156,000 41.940 710.5v%
196, 700 42.350 782,657
157. 300 42 JHERQ FC4,175 1.17114
—_ 155.958C +=(, [55S
_________ 45,000  _155.00) 29.G0U  20E.799
155.500 25.c60 20%.673
N ) 156.LCU 24,440 210,529
156,500 23.740 217.201
~ 157,500 29,400 c42.9¢6 1.171¢84
155.62%28 +=( 0042
TTEI(14V) = 24500 . +=- 441. (KkSI) STRLSS = ¢y 3 += 1.5 (+SI)
i TTTUDELTA D = L0075 (A) STRAIN = U NODSS7 C(IN./ZIN,)




METCUT RESFARCH ASSOCIATES INC.
—_— - . CINCINNAT!, .0HIC

" FIVE POINT PARABOLIC DIFFRACTION PEAK STRESS ANALYSIS

e 1752=2CKXT 2=1%=12-MAX LONG.,8 .U ™ILS.,Gkh DIR.
. PSL 2 THET® TIME COR. TIME N O(A)  VERTEX +=- ST.PLV.
. ..D.O0L . __155.000 46,190 e S5.78%
155.500 43.720 E80.658
. 156.000 43.570 . ¥54.400
156,500 43,570 %23.7¢5
L I B Y ATl 44,880  1234.810 1.171%C
155.7050 +- _y03e
T T 45,000 155.000  33.370 ~2422.25¢€
N . 155%.500 33,070 =~2+77.042
156.00U 32.880 =z465.226
e 56,7000 0 32.920 ~15859,00°2 v
157.000 23,030 =1483.159 1.171706
e 1557048 +== 771"
L E/C14V).= 2450U. += 441, (KSI) STRESS = 8.5 += D, (reT)
o DELTA L = 0.0002C (A) STRAIE =  C.ODLDIAY (10 /1.




o FETCUT RESEARCH A
o CCINCINMNATI
{
RESIDUAL STRESS DEPTH
s 175220847 5-15-51-MIN
o £/ (1+y)= 24500. += 441,
bATAVPOINT‘ AD[PTH Ah kb Ak Ak kh b
— C(IN.). MEASURED
1 . C.0000. =61.5. %-_1.%
t —_——— -,2._ GI(‘GO" R ‘41.5 #_,115
. TSI (IR ] -33.0 +- 1.4
{ & _G.0013% 4.5 +=~ 1.0
s 0.0020 . =18.5 +~ 0.5
]
{
i —— e

SSCCIATES IwnC.

» -0HIC

CORRECTIO: ANALYSIS
LONG.,&@ 2.0 MILS.,GRN DIR,
(KsSI) U= 219¢. (1/71H)

RESIDUAL STRESS (KST #rasnwsnarnx
GRAD. CORRECTED RELAX, CORPFCTED
=72 .1 =72.0
=48 .1 -LR."
-St.e -51.0
=11.3 =11,

10.0 10.7




— — e e e j -

5 METCUT RESEAP(: ASSCCIATES INC.
& ——— ) CINCINNATI Or10

_ ceeeX=RAY _DIFFRACTION RESIDUAL STRESS ANALYSIS

e e e VE527206887 5-15-51-=M1IN LONG.,> 2.0 ™ILS.,GRN DIR.

. - RESIDUAL STRESS (X51)
DEPTIH =&0.0 -4, C 4.0 -Z20.C ¢.C 2l 40."
______ InD)
c.ut6o
U.OUU‘I
. _0.0002
0.0004
_bLCuns
C.0ule
.out?
| U.ouns
: L 0.0U10

I

1

I

1

1

1

1

1

1

¢.0C11 1

_b.t012_ 1

0.0014 I

N VRN 10 I 1

0.001¢6 1

- 0.0017 1

G.u019 1

R O 1 G4 1

U.0021 1

___b.ouee I

1.ul24 I
JaLN25 )

1

1

1

1

)]

1

1

1

I

I

1

1

1

1

I

I

1

1

1

I

C.0L2¢
. b.oce? .
0.002¢
000350
G .O(J31
. 0.005%2
0.0035%4
0.Q03s
0.GG%0
~u.on37
0.0039
_0.0040
0.0141

T U.UGs2
) 0.0044
, 0U.0u4as
/ 0.C0046
0.00647
U.0ULY

0.00650

_ FITTED POINTS = # MEASURED DATA = ¢




?
T METCUT RESEARCH ASSCCLATES T%C.
— o CINCINN&TI, .UHIC
{ "~ FIVE POINT PARABOLIC DIFFRACTION PEAK STRESS ANALYSIS
. 1752-268K87 5-15-51=MIN LONG, SURFACE ,GRY DIR.
o _PSI o THET/ TIME COk. TIVE D (A)  VERTEX +- ST.DEV.
: e DL OCO. 1540200 33,430 124,907
! 15.700U 32.760 279.95¢
| 155,800 12.430 262.85%
g 155,807 32,760 282.09¢
g . 15¢6.200 33.570 17,326 4.17274
| , 155.2340 +-0.0049
i ’ T 4s.u06  155.000 0 T23.370 110K
: ] 155.5G7 22.790 326,767
156,007 22.570 291.29¢
o 156.700 - 22.500 _  341.271
157.000 22 .580 L58.¢29 1.17127
E c , 155.658¢6 +-0.0028
o _E/(1+Y) = 245C ., += 441, (KSI) STRESS = =61.5 += f.& (K51)
. DELTA O = =(.00147 (A) STRAIN = =0.001255 (IN. /1.

FIVE POINT PAKABOLIC DIFFRACTION PEAK STRESS ANALYSIS

C1752=26847 S$=15=51=MIN LONG.,d (1.4 MILS.,FR* DIR.
T S 2 THETA TIME COF. TIME Ro(A) VEPTEX 4= ST. €y,
C G.OLu 154.0DCO 41,320 779.048
o 154.500 40.760 689.449
155.G00 40.230 620.412
L i 155.5C0 4. 500 632.392
156.700 40,540 668.089 1.17261
L 185.2944 +-0.0055
' ) 45,000 155.6C0 27.780  1p(.9.900
155,500 27.420 882,245
, . 156.u00 27.110 BUY.418 T
156,560 ¢7.160 985.448 ;
I 'Y SR W: 1! 27.40C 1590.287 1.171¢1
1L5.7419 +-0.0071
TTTUTTEICIAY)Y = 24500, 4= 44, (KST) STRESS =  =41.8 4= 1.9 (KS1)
TDELTA D = -U.LOUYS (A) ‘ STRAIN = -0.000847 C(IN./IN.)

C e e At e e e -




PS1

u.Q00

45,000

L/7C1+v)

DELTA O

PSSl

¢.000

TR/C14V)

‘DELTA D

METCHHT

RESEARCH ASSUCIATES
CINCINNATI, LOHIO

'~C,

FIVe FOINT PARABOLIC DIFFKACTION PLAK STRESS ANLALYSIS

1752-245887 5-15-51-M1IN LGNG., » 1.0 MILS.,GRN DIR.
2 THETA TIME COR. TIME LoCA) VERTEX +- sf.on.
154.560 35.470 415,147 }
154.509Q 23.870 322.941
155,000 33.210 294 .8506
155.500 32.780 c78.628
156.000 33.1%0 296.059 1.17¢31
155.4277 +=-0,.004¢
155.000 25.440 329.37¢
155.500 23.060 283.626
154.000 22 .940 289 .79¢6
156.50¢ 23.020 320.005
157.000 23.290 88,944 1.171%2
- : 155.785%2 +-0.0041
= 245Gy. = 441, (KSD) STROSS =  =23.0 +=- 1.4 (KSI)
= -0.00079 (A SThRAIN = =(0.000674 (IN.IIN.;
FIVE POINT PARABULIC DIFFRACTION PFAK STRESS ANALYSIS
175é=c68%7 5=15=-51=MIN LONG.,d 1.3 MILS.,GkN DIK.
S THETA TImt COR. TIME O C(A) VERTEX += ST.PFV,
154.500 42.010 i91.737
155.000 41.550 717 .504
55.500 41.080 653,533
196.0L0UY 41,280 684.4L53
156.500 41.450 713.348 1.171066
155.7266 +=-01.0060
155.000 28.450 724 .3%4
155.50G0 25.210 236.221
156.u00 27.870 648 .4L83
156.500 27.960 762 .304
157.0090 28.050 9L40.74LL 1.171¢7
155.6717 +-( .Q33%¢
= 245G0. += 441, (KSID) STRESS = 4,5 += 1.4 (eSS
= 0.060611 (A) STHAIN = (,.00009c (IN./ZING) ;




METZUT RESEARCI. ASSOCIFTES IANC.
CINCIANNATI, LCHIG

FIVE POINT PARAKOLIC DIFFRACTICH PEAK STKESS ANALYSIS

L L A752-268R7 5-15-51-mIN LONG.,d 2.0 MItLS.,GRI DIP,
- . . PS1. . 2 THETA TIME COR. TIME D (8) VERTEX +- ST.DEV.
o U.000.  1564.500 44.120 _ 945.5D¢
155.000 43 .840 885.667
... 155.502 . 43,520 826.386
156,600 43.750 876.914
L . 156.5C 43.910 917.072 1.1719%
155.57605 +-6.0071
' C 45,660 155.000 0 29.960 ~2652.3€9
o ~ 155.500 29 .LBD . =58(2.312
155,953 29.320 =5240.021
o 156.500 _ 26.520_ =1929.152
157.G00 29.660 =1280.N87 1.17155
e L N 185.771¢ +~-.0005
e E/Q1AY) = 24500, +- 441, (KSD) STRESS = =18.5 +~ 0.9 (KSIJ
o DELTA b = -0.00044 (A) o STRAIN = -0.000373 (IN./IN.)
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£/ (14Vv)=

"POINT  DFEPTH

DATA

—1 _0.0000 .

Sbh oo .._.0.0012

2 0.0020

1752-26887 4-15-51-MAX

L CINDY

0.0C05.
3 . 0.0UCY_

METCUT RESEARCH ASSOCIATES INC.
C CINCINNGTI, .CHIC

RESIDUAL STRESS DEPTH CORRECTION ANALYSIS

245G0. += 441, (KSI) MU= 2196. (1/71N)

Ak kA A A

__MEASURED _

RESIDUAL STRESS (KSI
. GRAD. CORKRECTED RELAX.

S2.8 4= 3.0 11904

138.0 +- 3.1 136.8
_143.5
122.0

. 120.6 .

LONG.,Z 2.0 MILS.,GRN DIK.

PRATI AN AR AR W

CORRICTED
119.4
136.5
1435.1
121.3

119.6




DEFTH

__t.00CU _
0.0U01
— _G.0u2

i 1252226887 4=-15=51-MAX

1

LSUING) L

METCUT RESFARCH ASSOCITTES
CINCINNATLI OHIO

inC.

weee - X=RAY _DIFFRACTION RESIDUAL STRESS ANALYSIS

LONG.,a 2.0 MILS.,GRN DIR.

RESIDUAL STHESS (KSI)
125.0 130.0

15.¢ 120.0 135.0 140.0 145.0

R e B et LT E P B

0.00UC4
LLUlUS .
U.0006

T C.uu09
T u.0011
o U.G014
0.0015
00016
5.0017
0.0U19
C. 0Ll
0021

0.00c4

0.CG26
L.CNe7
G.00L2Y
0.0030
0.0031
G.0052
C.0L2%4
(i.0055
G.0U36
0.0037
0.00sy
0.0040G
G0.0uU41
U VT
0.CUa4
0.0U&5
0.0046

T y.u0e9
U.0G50

L.OGO7
C.0010 .. .

B O V] V) IS

¢.0u22 .

. 0.00c5 .

0.0047

*0

f]

1
1
d
1
I
1
1
1
I
I
1
1
1
i
1
1
1
1
1
1
I
I
1
1
1
I
1
1
1
I
I
I
1
1
I
1
1
1
1
I
1
I

----*-_--1—--—+—---1----+-—--1----+J--_]----#----l----y----]

MEASURED DATA

FITTED POINTS * 0
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METCUT FESFARCH ASSOCIATES INC.
CINCINNATI, .0K]U

tIVe POINY PARABOLIC DIFFRACTION PFAK STRLSS ANALYSIS

—_— 1752-26857 4=15=-51-MAX. LCHG,SURFACE ,BURNED ARFA,GRN DIK.
e PS1 2 THETA T1ME COR. TIME b (A) VERTEX +- ST,.NEV,
3 .00 156.300 32.420 291.593
156.¢6Cu 31.340 251.874
_ 157,300 31.140_ 246.075
157.700 51.620 263,112
—— ) 158,000 32.050 27y . 842 1.16657
' 147.1951 4-0.0048
T T TS, 0000 155,000 21.750 229.704
i ] S 155,500 . . 21.120 156,003
156.000 20.900 19¢.275
— S 156.500 . 21.160  224.667
157.000 21.760 248 8145 1.17157
_— I : 155.7419 +-0.0031
o £/ (4V) = 245C). += 441. (KSI) STPESS = 127.8 4= 2.0 (KSI)
} DELTA D = 0.0GLS05 (A) STKAIN = .002607 (IN./IN.)

FIVE POINT PARABOLIC DIFFRACTICN PEAK STRESS AMNALYSTS

1752=c68%7 4=15=-51=1MAX LONG.,a 0.5 MILS,GKN DIR,
o Ps1 2 THETA TIME CoR. TIKE D (F)  VERTEX += ST.RFV.
T 0.0CU 156.500 29.790 207.165
o 156.900 28.890 186.5%C
157,500 28.540 179.607
o 157.700 2¢ .6060 127,503
156. 100 29.600 204,458 1.16825
L 157.3287 +-(..0050
o 45.0006 155.000 21.230 184.4404
155.500 20.270 150.180
o 3 156.000 20U .030 147,522
156.50L 20.500 173.290
L 157.600 21.520 256.872 1.17154
’ 155.7759 +-0.,00G2¢4
CE/(14V) = 2450G. +- 441, (KSD) STRESS = 138.0 +- 3.1 (xS1)
“““““ DELTA D = 0.0L3¢7 (A) STiAIN = 0,00:816 (IN./IN.S

—

PR




PS1

G.00C

E/C1+v)

. DELTA L

METCUT RESE/RCw
CIN

ASSOCIATES INC.
CINNATL, .0OHIO

FIVE POINT PARABOLIC DIFFRACTION PEAK STRESS AMALYSIS

FIve POIN1 PARABOLIC DIFFRACTION PEAK STRESS AMALYSIS

2 THETA

156.UCC

156.50U
JA57.000

157.50¢0
C15%.00L

155.000
15505060

156.000
S156.500

157.600

+-

...246500.

3.5032% (R)

o 1752-26887 4=15=51-MmAX

TINE

32.540

30.770

29.570 .

29.650
3u.600

22.720
22.020
21.&870
22.110

23.270

441,

1752=¢6887 4=15-51-MAX

PSI

0w 00U

45.000

TTEI(14V)

TTDELTA D =

2 THETA

156, 500
156.700
157.35"
157.600
157.900

155.L6G
155.500

- 156.000

156.500
157.000

24500, +-

TTUL06G273 (A

TI™E COR. TI%E D (A VERTEX += ST.0EV.
31,350 227.624
30.370 2GZ.32R
2%.850 192.335
30.320 203.2G0
30.460 206.650 1.16541
. 157.2511 +-0.0055
22.020 166,349
23.%20 200,463
20.000 126,003
21.300 176,223
22.350  i52.77% 1.1711¢
155.9592 +-0.0019
441, (KSID) STRFSS = 114.,5 *¢= 2.7 (KSI)
T STRAIN = 0.7023557 (IN./IN.)

LONG.,a 7.9 MILS.,GRN DIP,

COR. TI1ME D (A)  VFRTEX += ST.bEV.
271.962

1r.096

190,20 | ]
192,458 ’

¢15.597

1.16838
157.2630 +-0.007%6
169.C44
166.584
1647.154
124,209
c67.895

1.17164
1£5.7218 +-0.0029

(Ks1) STRESS = 136.4 +~ 3.0 (¥¢S])

STFAIN = Q.002784 (IN./IN.)

LONG.,& 1.2 MILS.,CKkN DIk,




FETCUT KESEARCH ASSOCIATES TNC.,

— . CINCINNATY, LOHIG
i 7 FIVE POINT PARABOLIC DIFFRACTION PEAX STRESS ARALYSIS
i I . 1752=26RR7 4=15-51-MAX LONG.,& Culo MILS.,GEN OIF,
. PSI 2 ThETA TUAE Cok. TIME Lo(A) VIFTFY 4= ST.itvV. t
E o 0.000 156.000 43.910 1004, 3509 :
156.500 43.030 £11.¥+31 i
. 157.300 42.226 ~RE.LE O i
157.600 42.530 7%¢.001 _
o 15¢2.000 43.350 596,518 1.1¢6°(7
197.1221 +-0.0029
”‘" 45.00Y 155.0006 29.360  1%435.13%
. 155,500 2¥.930  1.0%.224
156.000U 28.820  131&.005%
! o 156.5Cc | 28.970  2175.323
157.000 29.250 9:213.071 1.171¢°
| e o - _ R 155.6362 +-0.ud10C
, L E/(1+V) = 24500, +=  441. (KST) STRESS = 133.0 +=- 2.7 (KSD)
' DELTA D = 0.0L517 (A) STRAIN = 0.092715% (IN./IN.)




é; Hughes Helicopters HH 80-125

APPENDIX E

HP 18-12, Hughes Helicopters specification for low stress grinding of high
strength steel. This specification was released during the course of this
program It is included here as it was originally written. Based on the
efforts of this program, some changes are recommended as discussed in the
content of the report.
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DESCRIPTION

DATE APPROVED

New Released on EO 132596

08/23/79

SCOPE: This process specification establishes the requirements and
procedures for grinding hardened steel and chrome-plated
steel parts by surface, cylindrical, and centerless grinding
methods using bonded abrasive wheels. This process is
specifically intended for grinding of ESR 4340, 300M, and
VAR 4340 steels at strength levels of 260 to 300 ksi.
ol O
PREP \Y ]
é Hughes Helicopters Centinela and Tesle Streets
2 APPD Dwision of Summa Corporation Culver City. Calfornia 90230
2 gy TITLE LOW STRESS GRINDING OF HIGH
2t/7¢ / ) STRENGTH STEEL (ESR 4340, 300M AND VAR
5-22-7? P &3§0) AT STRENGTH LEVELS OF 260 TO 300
Si12ze | CODE IDENT NO.| No. REV.
02731 HP 18-12 New

?/225‘5’2
Al
3

FORM 1842

A

SHEET 1 of 10




€3 Hughes Helicopters coavnywesies | DPROCESS SPECIFICATION

1. SCOPE

1.1 This process specification establishes the requirements and procedures
for grinding hardened steel and chrome-plated steel parts by surface, cylindri-
cal, and centerless grinding methods using bonded abrasive wheels, This
process is specifically intended for grinding of ESR 4340, 300M, and VAR
4340 steels at strength levels of 260 to 300 ksi.

1. 2 Classification. The steels covered by the requirements of this specifi-
cation are listed by AISI and HH designations and by heat-treat ranges.

AlSI HH
Designation Designation Heat Treat Range
4340 260 to 280 ksi
(1793 to 1931 MPa)
300M 280 to 300 ksi
(1931 to 2069 MPa)
4340 ESR R, 54 (280 ksi, min)

(1931 MPa)
2, APPLICABLE DOCUMENTS

2.1 Government documents, The following documents, of the issue in
effect on date of the invitation for bids or request for proposal, form a part
of this specification to the extent specified herein. In case of conflict between

these documents and this specification, the requirements of this specification
shall prevail,

SPECIFICATIONS
Military
MIL-H-6875 Heat Treatment of Steels (Aerospace
Practice, Process for
MIL-S-8844 Steel Bars, Reforging Stock and
Mechanical Tubing, Low Alloy,
Premium Quality
LOW STRESS GRINDING OF HIGH STRENGTH REV.
CODE 1DENT NO. | o1 EL (ESR 4340, 300M, VAR 4340) AT HP 15-12 | new
02731 STRENGTH LEVELS OF 260 TO 300 KSI
SHEET 3 of 10

FORM 16428




€3 [usher Helicopters et | PROCESS SPECIFICATION

—

2.1.1 Copies of specifications, standards, drawings, and publications
required by suppliers in connection with specified procurement functions
should be obtained from the procuring activity or as directed by the contracting
officer.

2.2 Non-Government documents. The following documents form a part of
this specification to the extent specified herein. Unless otherwise indicated,
the issue in effect on date of invitation for bids or request for proposal shall
apply. In case of conflict between these documents and this specification,
the requirements of this specification shall prevail.

SPECIFICATIONS
Industry
Hughes Helicopters

HP 1-1 Heat Treatment of Steels Nickel Base
and Cobalt-Base Alloys

HP 1-9 Hydrogen Embrittlement Relief

HP 4-1 Corrosion and Handling Protection

HP 6-5 Magnetic Particle Inspection

HP 6-19 Hardness Testing of Metals

HP 9-25 Vapor Degreasing

HP 30-4 Etching for Detection of Grinding Burns
HMS 6-1121 4340 ESR Steel

OTHER PUBLICATIONS

American Society for Metals

Metals Handbook Machining
(8th Edition - Volume 3)

[“P 'REv. LOW STRESS GRINDING OF HIGH STRENGT
18-12

| New |STEEL (ESR 4340, 300M, VAR 4340) AT CODE 1DENT No.

SHEET 4 of 1o |STRENGTH LEVELS OF 260 TO 300 Kl 02731
1

FORM 1542A 1
- . - . ! & ,.
3 v ol ok - " o ° g ) . . 6] ’V-‘. P P £l




€ Huohes Helicopters  cwomsiwesiees | PROCESS SPECIFICATION

Machining_ Data Center

MDC 78-103 Low Stress Grinding
for Quality Production

3. REQUIREMENTS

3.1 Equipment

3.1.1 Machines, Grinding machines used shall be equipped with:

a. Positive controls to maintain feed and speed limitations during
processing.

b. A systera providing continuous filtered coolant flow at the part/
grinding wheel interface.

c. Tooling capable of holding parts in a completely rigid position
during processing.

3,1.2 Grindins wheels, Wheels used shall be vitrified-bonded, aluminum
oxide, or equivalent, as described in the ASM Handbook on machining and in
MDC 78-103, and shall have an appropriate grit size to produce the desired
finish,

3.2 Procedures

3.2.1 Cleaning. Parts shall be cleaned in accordance with the require-
ments of HP 9-25 (do not anodic clean) prior to grinding.

3.2.2 Dressing. Grinding wheels shall be dressed, as necessary, but
always prior to rough and finish grinding.

3.2.3 Grinding, All grinding shall be performed on the periphery surface
of the grinding wheel only. Grinding on the flat side of the wheel shall be
forbidden.

3.2.4 Coolant, Coolant shall be supplied continuously across the width
of the grinding wheel and directly into the part/wheel interface, The
direction of coolant flow shall coincide with wheel rotation,

LOW STRESS GRINDING OF HIGH STRENGTH REV.
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3.2.5 High spots. Prior to starting the grinding operation, high spots
on the part shall be located to avoid accidental excessive infeed during grinding.

3.3 Grinding requirements

3.3.1 Surface and cylindrical grinding. All surface and cylindrical grinding
shall be accomplished in accordance with 3. 3. 1.1 and 3. 3, 1. 2 herein.

3.3.1.1 Limitations. Surface and cylindrical grinding limitations shall
be as specified in Table L

3.3.1.2 Technique data cards. Surface and cylindrical grinding shall meet
the requirements of a technique data card established for each part and shall
be maintained at the vendor facility for HH review.

3,3.1.2.1 The technique specified on the data card shall have been demon-
strated to produce ground surfaces in conformance to the requirements of the

engineering drawing. q
3.3.1.2.2 A record of all changes in technique data cards showing effectivity

(date or serial number) shall be maintained. The technique data card shall
include the following information and other pertinent data as required:

a. Part number.

b. Outline of surfaces to be ground.

c. Grinding machines authorized for use.

d. Required tooling.

e. Wheel speed.

f. Workpiece (part) speed.

g. Infeed rates.

'§ h. Cross feed,

i. Wheel dressing practice, including number of passes between
redressing for both rough and finish grinding.

jo Coolant-type, supply rate, and nozzle location.

Rev. |LOW STRESS GRINDING OF HIGH STRENGT
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NOTE

Tolerances shall be noted for feeds and speeds.

TABLE L SURFACE AND CYLINDRICAL GRINDING
LIMITATIONS FOR HARDENED STEEL AND
CHROME PLATE ON HARDENED STEEL

Parameter

Chrome Plate

ESR 4340 and 300M

4340 at 260-280 ks

Wheel Grade

I or softer

lor softer

J or softer

Wheel Speed

Internal cylindrical - 6000

Low-under 3500

Low-under 3500

Pass, Max
Cylindrical, Exter-
nal and Internal

1/4 wheel width per part
revolution, max.

SFPM, Max Other - 4000

Work Speed

SFPM, Max 150 80 80
Cross Feed -

Surface, Inch per 0.100 0.100 0.100

1/4 wheel width per part
revolution, max.

1/4 wheel width per part
revolution, max.

Infeed {Downfeed)

Rough

Finish

Inch per Pass, Max.

0. 0002

0. 0002

Surface and External Surface and External
Cylindrical Internal Cylindrical Internal
0. 0007 to within 0, 0005 to 0. 0008 0. 0004
0. 005 inch of finish 0. 005 inch

of finish
0. 0003 0. 0002 0, 0008 0. 0004

Grinding Fluid

Oil base types shall be used.

CAUTION

Centerless grinding will produce multi-lobe conditions

on parts.

Caution must be exercised to determine actual

lobing condition as this will effect actual diameter of the
part.

3.3.2 Centerless grinding.

All centerless grinding shall be accomplished

in accordance with 3.3.2.1 and 3.3, 2.2 herein.

3.3.2.1 Limitations.

in Table 11,

Centerless grinding limitations shall be as specified

CODE IDENT NO.
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TABLE 1I., CENTERLESS GRINDING LIMITATIONS FOR
HARDENED STEEL AND CHROME PLATE ON
HARDENED STEEL

Parameter Chrome Plate Hardened Steel

Wheel Grade I or softer 1 or softer

Wheel Speed
SFPM, Max. 4000 Low-under 3500

Diametric metal
removal rate per
pass, inch per
inch of wheel
width, max.

Rough (to within
0. 002 inch of

A

finish) 0. 0003 0. 0005
% Finish 0. 0008 0.0008
Grinding Fluid Oil base types shall be used.

3, 3.2.2 Technique data cards. Centerless grinding shall meet the require-
ments of a technique data card established for each part.

3.3.2.2.1 The technique specified on the data card shall have been demon-
strated to produce ground surfaces in conformance to the requirements of
the engineering drawing,

3.3,2.2.2 A record of all changes in technique data cards showing effectivity
(date or serial number) shall be maintained, The technique data card shall
include the following information and other pertinent data as required:

> et

a, Partnumber,
b. Outline of surfaces to be ground,
c. Grinding machines authorized for use,

d, Required tooling.

REV. [LOW STRESS GRINDING OF HIGH STRENGTH
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e. Wheel speed.

f. Part through feed speed.

LF g. Regulating wheel angle,

h., Vertical position and rake angle of work-rest blade,
i. Metal removal rate per pass,

j. Wheel dressing practice, including number of passes between
redressing for both rough and finish grinding,

k., GCoolant - type, supply rate, and nozzle location.

NOTE

Tolerances for operating variables shall be noted. '

4. QUALITY ASSURANCE PROVISIONS

‘ 4,1 Responsibility for inspection. Unless otherwise specified in the
contract or order, the supplier is responsible for the performance of all
inspection requirements as specified herein, Except as otherwise specified,
the supplier may utilize his own facilities or any commercial laboratory
acceptable to Hughes Helicopters., Hughes Helicopters reserves the right
to perform any of the inspections set forth in the specification where such
inspections are deemed necessary to assure that suppliers and services
conform to prescribed requirements,

4.2 Test methods, Tests and inspections shall be performed to assure
conformance to the requirements of Section 3,

4.3 Acceptance inspection,

4.3,1 Etching of hardened steel. The following inspections shall be per-
formed after grinding of unplated steel,

a, Surfaces of parts ground after hardening shall be etched in accor-
dance with HP 30-4 and inspected for surface effects, FEtching shall be per-
formed prior to ary operation altering the ground surface, including but not
limited to polishing, honing, lapping, shot peening and heating,
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b. Parts shall be embrittlement r

elieved in accordance with HP 1-9

prior to honing, lapping, shot peening, and plating when etching is performed

in accordance with HP 30-4,

c. Parts and stock etched in accordance with HP 30-4 shall be examined
nel. Surfaces of parts and stock shall

visually in good light by qualified person

be uniform in color and free of the following indications:

(1) Dark areas - Indicative of overtempering,

(2) Light area within dark area ~ Indicative of the presence of a

rehardened zone from heat generated during grinding surrounded

by a transition zone of annealed and overtempered metal,

(3) Cracks - Indicative of pre
grinding.

sence of high stresses induced during

Parts and stock showing any of the above indications shall be rejected,

4, 3.2 Magnetic particle inspection. Parts shall be magnetic particle

inspected in accordance with HP 6-5 after grinding.

4.4 Records. Records shall be retained for 3 years after completion of

the contract.

4.5 Reports. Unless otherwise specified, the vendor of the product shall

furnish with each shipment three copies
performed for determining conformance
specification, This report shall include
specification number with revision date,

When forgings are supplied, the lot number and part number, shall be included

in the report.

5. PREPARATION FOR DELIVERY

of a report of the results of all tests
to the technical requirements of this
the purchase order number material
and size and quantity from each heat.

5.1 All parts shall be processed in accordance with HP 4-1 prior to

delivery or storage.
6. NOTES

7. APPROVED VENDORS

(AVL) 18-12 shall perform this process.

7.1 Only vendors listed on Hughes Helicopters Approved Vendors List

New |sTEEL (ESR 4340, 30
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